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Part I. Coxsackie Viruses 


BRIEF REVIEW OF COXSACKIE VIRUSES IN 1956 


By Gilbert Dalldorf 
_ Division of Laboratories and Research, New York State Department of Health, Albany, N. Y. 


There was a time when we tested specimens from patients with poliomyelitis 
in monkeys and found or failed to find a virus. Later it was learned that if 
we tested the same specimens in newborn mice we might find additional viruses. 
Finally we began to test such specimens in tissue cultures, and we have found 
additional viruses. I think the moral is quite evident: there are more’ viruses 
- than we dreamed of, and different techniques yield different results. If we 
_ want to know everything possible, we must respect the limitations of our 
method, whether it involves a line of cells or a kind of animal. We are likely 
to find what we are seeking. 

A year ago my associates, S. Kelly and J. Winsser, tested several hundred 
specimens of sewage for a particular purpose. Of course, they isolated many 
- viruses from these samples, some with mice, some by means of monkey kidney 
or HeLa cells. The results they obtained are shown in TABLE 1, which illus- 
trates something that we know, but would do well to remember; namely, that 
one turns his back on a great many Coxsackie viruses if the medium used in 
the screening test be either monkey-kidney or HeLa tissue culture. In the 1954 
investigation, 120 viruses were recovered by mouse test and 114 by tissue 
culture. Most of the viruses isolated in mouse tests were Group A Coxsackie 
viruses. However, the yield of Group B viruses was also greater in the mouse 
tests than in the tissue cultures. Part of the difference may be accounted for 
by the fact that HeLa cells were employed to screen many of the specimens. 
HeLa cells are less susceptible to infection by certain Group B strains than are 
monkey-kidney cells. This is mere detail, however. My purpose is simply 
to note the number of enteric viruses that would not have been detected if 
tissue culture alone had been used. 

One might say that this situation is well known, but possibly too often for- 
gotten. Also, we may take the position that the Group A viruses are relatively 
well studied and can be disregarded for a time while we examine the newer 
“orphans.” Strain A9 seems to be exceptional in that it frequently is isolated 
in tissue cultures and may have special medical significance. This virus may 
be more pathogenic for man than many of the others. 

TABLE 1 shows 9 orphans. Actually, at one time 20 strains were considered 
to be orphans, but several of them proved to be Group B Coxsackie strains; 1 
was a mixture of a poliomyelitis and a Coxsackie virus, and 2 were eventually 
identified as Type 3 polioviruses. It is possible that the number of orphans 
will shrink still further as the remaining strains are studied more completely. 

Disregarding the present necessity of using mice if the full range of intestinal 
viruses is to be determined, however, it seems important to call attention to the 
fact that the situation regarding the Group A viruses is not as simple as it may 


209 


210 Annals New York Academy of Sciences 


TABLE 1 
Viruses IsoLaTED FROM 338 SPECIMENS OF SEWAGE 


In suckling mice In tissue culture 
Coxsackie 
Group Anite -eacte anc) ae ee ee 104 0 
Group! Bs =. Saito Aare ere ea 16 9 
Polioniyelitis’. conic. ely tas he oe eee eee 0 96 
Obphatis wer. aeta dara ene eae attr 0 sy 
Total Poses parka ane ers ieee 120 114 


have seemed to be. When the National Foundation for Infantile Paralysis, 
Inc., New York, N. Y., assisted in expediting the study of the enteric viruses 
and agreed to provide typing sera, we recommended that its laboratories pre- 
pare Coxsackie-typing sera for A9 and the 5 Group B types, for these are the 
strains that have been occurring most frequently in tissue cultures. This is 
being done, and IJ think it is a sensible beginning, but I should call attention 
to the fact that there are other Group A strains that grow well on human-cell 
cultures, uterus, or HeLa cells. These strains have been uncommon thus far 
in our experience, but they should be kept in mind (TABLE 2). The Ali virus 
was from a specimen collected in Belgium by M. O. Godenne of the Yale Uni- 
versity School of Medicine, New Haven, Conn., and was sent to me by E. C. 
Curnen of the School of Medicine, University of North Carolina, Chapel Hill, 
N.C. Strain A13 was isolated from the feces of a child attending a clinic in 
Puebla, Mexico. The other 2 types were isolated by James Gear of the South 
African Institute for Medical Research, Johannesburg, Union of South Africa. 
More recently my associate, Miss G. M. Sickles, has studied 5 additional 
strains, 4 of which are cytopathogenic for one tissue or another. It would be 
premature to say more about these than that they are similar to Group A 
strains in newborn mice; 2 strains from different laboratories appear to be re- 
lated serologically, but no 2 of them are exactly alike, and several of them are 
rather unusual in some respects. . 


TABLE 2 
Growra Capacity OF COXSACKIE VIRUSES ON CERTAIN CELLS 
H Monk 
se HeLa Eidnev, ers 
Group A a 
hay 1 to 8 inclusive......... - - - rae 
VDE: asd janise SL etariwd: +> = 
Types 10, :12, 14,16, 17. ......... _ - a % 
Py Wes lds laeL 5. Lets ees + + — = 
Group B 
LT nte rile cn vs harnnean ten nears = + + 
AS a RE I _ erratic + ii 
SEY DORSiE fun potas acene eye eee some = + + 
tego: Sn gvtcae aan Bonar ee eh ee = erratic + + 
SUD G\ Ostia ite tun aha arate ae some + a 
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One of these strains deserves special mention. This is a Group A strain not 
neutralized by antisera Types 1 to 19, in other words a new type of Group A. 
It was sent to us by Italo Archetti who, with his colleagues at the Istituto 
Superiore di Sanita, Rome, Italy, and G. Rita of the University of Siena, 
Italy, have associated it with outbreaks of aseptic meningitis that occurred in 
various parts of Italy during the summer of 1955. Children and adolescent 
_ boys were affected most frequently. Respiratory or gastrointestinal pro- 
_dromata were common, followed by meningeal symptoms, headache, fever, 
vomiting, and stiffness of the neck and back. The cerebrospinal fluid cells 
were markedly increased; frequently as many as 5,000 or 6,000 such cells were 
found. The meningeal symptoms persisted for from 10 to 12 days in children 
and for from 3 to 4 weeks in adults. 

Archetti isolated virus from more than 100 patients by means of cell cultures 
_ of monkey kidney. In 53 cases he isolated the agent directly from the cerebro- 
spinal fluid, often more than once. I am sorry he could not contribute a 
- paper on these investigations to this monograph. We have studied Archetti’s 
strain, typed it, and have been interested in the information that he has sent 
- to us which I have now summarized. Archetti has reported his observations 
_at a meeting in Palermo, Italy, recently, but I have not yet seen this paper. 
This new strain is noteworthy not only as an additional Group A type that 
_ seems to have caused a relatively severe virus meningitis, but also as one readily 
isolated on monkey-kidney culture. 

Archetti’s agent may be recognized readily as a Coxsackie virus by inoculat- 
ing mice with it. There may be other strains that are not as obviously patho- 
genic for mice. 

One of the ECHO group, No. 10, or HE4, as M. Ramos-Alvarez and A. B. 
Sabin originally identified it, may be such a strain. By means of repeated 
passage through animals, we have adapted this strain to mice, and it is now 
highly pathogenic for infant mice, but not for adult mice; the lesions in these 
animals are those that we have long associated with the Group B Coxsackie 
viruses. This ECHO strain also has some unusual characteristics; for example, 
in our laboratories M. Shaw found that it grows in eggs. Its characteristics 
deserve further study, as does the more worrisome question of whether the 
agent we have propagated in mice is indeed ECHO 10 or, possibly, some other 
strain acquired somewhere along the route as, for example, from the monkey- 
cell cultures. Nevertheless, this demonstrates the desirability of testing or- 
_ phan viruses in suckling mice as well as in tissue culture. i 

The criteria of the Coxsackie family and groups have survived surprisingly 
well thus far, and they have been very useful in classifying and characterizing 
enteric viruses. Mouse tests should be undertaken early in the study of an 
orphan and, if there is any suspicion of pathogenicity, careful histopathologic 
examination and repeated passage by several routes may clarify the nature of 
the virus. The Coxsackie family continues to grow, and some of the newer 


members look interesting. 


ASEPTIC MENINGITIS: EVIDENCE FOR THE ETIOLOGIC ROLE 
OF COXSACKIE B AND “ORPHAN” VIRUSES* 


By A. J. Rhodes and A. J. Beale 
The Research Institute, The Hospital for Sick Children, Toronto, Ont., Canada 


Introduction 


Our principal aim in this paper is to present the evidence that Coxsackie virus 
of Dalldorf’s Group B is one of the more frequent causes of the syndrome of 
benign aseptic meningitis. This evidence has accumulated gradually since 
1947, when Coxsackie B viruses were first found in association with human 
disease, and it has come from many parts of the world. 

The paper will be in the form of a historical review of this particular aspect 


of the pathogenicity of Coxsackie viruses. Extensive references will be omitted, — 


because there exist several general review articles which already supply this 
need“ 

The review will be made against a background of personal study of the syn- 
drome characteristically occurring in the summer and fall, and usually called 
by clinicians ‘‘nonparalytic poliomyelitis” or ‘‘aseptic meningitis.”” This study 
has, in the main, concerned children admitted to the Infectious Service of The 
Hospital for Sick Children, Toronto, Ontario, Canada, from 1947 to date. The 
results of these investigations have been published in a series of papers.®: 7“! 

The number of our patients with aseptic meningitis is not large—about 100— 
but considerable attention has been given to each case studied, both from the 
point of view of clinical features and of laboratory work. I do not believe that 
large numbers need be studied in the investigation of this problem. Informa- 
tion of lasting value is more likely to be obtained from detailed study of a 
small number of representative cases than from incomplete study of larger 
numbers of patients not personally known to the investigators. 

It is appropriate to emphasize at the outset of this discussion that in the 
investigation of the etiologic role of “new” viruses, the virologist is only one 
member of an investigating team that must comprise an observant clinician 
and an epidemiologist. 

The work of observers in many countries in isolating Coxsackie B viruses 
from the cerebrospinal fluid (CSF) of patients with aseptic meningitis has 
established the pathogenic role of these agents. This evidence has accelerated 


the usually slow process of establishing the etiologic role of a virus isolated — 


initially from the excretions of sick persons. 

Much circumstantial evidence obtained from such examinations was avail- 
able before these isolations from the CSF were achieved. Other supporting 
evidence was derived from study of Bornholm disease. It may be said that 
Coxsackie B viruses no longer fall within the category of ‘viruses in search of 
disease.” 


Our assignment also includes some brief mention of the pathogenic role of 


* The work reported in this paper was supported by The Canadian Life Insurance Officers Association, To- 
ronto, Ont., Canada; Empire Lodge, B’nai Brith, Toronto, Ont., Canada; and the Health Grants Program of 
the provincial government of Ontario and the federal government of Canada. 


212 


Rhodes & Beale: Etiology of Aseptic Meningitis 216 


“orphan” or ECHO viruses so frequently isolated from stools by the use of 
tissue cultures. 


Advances in Techniques for Identification of Coxsackie Infections 


Techniques have been greatly improved in sensitivity since 1948, the year in 
which many of us started to inoculate suckling mice with pathologic specimens 
by the original method of Dalldorf and Sickles.!! The major developments 


_ have been: 


© i ee 


x 
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(1) The use of suckling mice 24 hours of age, or less. 

(2) The recognition that simple pathologic criteria are adequate for the 
differentiation of Group A and Group B infections in suckling mice.!?!° 

(3) The assignment of Group A strains to 19 antigenically distinct types, 
and of Group B strains to 5 types on the basis of virus neutralization tests.’* 
Typing of strains has proved invaluable in establishing the etiologic role of 
Coxsackie viruses. 

(4) The use of the virus-neutralization technique for the serologic investi- 
gation of persons excreting Coxsackie B viruses. Such patients develop a 


~ significant increase in homologous antibody within a few days. 


(5) The demonstration that Coxsackie B viruses produce cytopathogenic 
changes in tissue cultures constitutes a notable advance. Monkey-kidney 


- monolayer cultures are susceptible to infection by all 5 B strains and, in many 


Jaboratories, these media have represented the choice of culture system.®: 17’ 


Coxsackie B viruses produce plaques in suitably prepared cultures of monkey- 
kidney epithelium,’® and it seems likely that this technique will soon replace 


current methods. 


The Relationship of Bornholm Disease to Aseptic Meningitis 


Clinicians and epidemiologists for years have emphasized the close relation- 
ship between these diseases, a relationship so intimate that a common etiology 
seemed likely, although the tools required to establish proof were not avail- 


able. 
From our present viewpoint, it is of considerable interest to note that some 


~ of Sylvest’s?? original patients with Bornholm disease developed ‘“enceph- 


alitis” as a complication. In 1936, Lindberg” gave a fuller account of men- 
ingitis as a complication of Bornholm disease. Many others, in Europe and 


- South Africa, for example, have since reported nervous complications in 


pleurodynia.°° The term meningitis myalgica has been applied by Gsell.”* 
On this continent, Howard and his co-workers described an outbreak of epi- 


demic myalgia in Brooklyn, N. Y., in which some patients developed meningo- 


encephalitis as a complication. ; 

Of particular importance in establishing the close relationship between Born- 
holm disease and aseptic meningitis have been the studies of Gard and Johns- 
son and their co-workers in Sweden since 1949.82 Simultaneous epidemics of 
aseptic meningitis and Bornholm disease have been reported by the Swedish 


workers and by Content and Godenne.* . 
Johnsson” has expressed the relationship between these two diseases by stat- 
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ing that Bornholm disease presents itself clinically in one of four forms: aseptic 
meningitis, which is the common manifestation in childhood; epidemic pleuro- 
dynia; epidemic myalgia; and, finally, a minor-illness form. 

There are only a few references in the North American literature to simul- 
taneous epidemics of aseptic meningitis and Bornholm disease, but this occurred 
in New England in 1948. 

It is not necessary to detail all of the evidence incriminating Coxsackie B 
viruses as etiologic in Bornholm disease and associated cases of aseptic menin- 
gitis. Infection with B1 virus occurred in Massachusetts in 1947, *° and in 
Connecticut and Rhode Island in 1948.%4 B3 strains were responsible for the 
1950 epidemic in the state of Washington,** and for the cases in Texas in 1951.7 
In Europe, B3 strains have been isolated in the United Kingdom* and in 
Sweden.”® 


The Laboratory Study of Cases of Aseptic Meningitis 


In addition to the indirect evidence just cited, laboratory study supplies 
more direct evidence that Coxsackie B viruses cause aseptic meningitis, and 
not only that variety which occurs in close epidemiologic association with 
Bornholm disease. 

The original report of Dalldorf and Sickles" directed attention to the possible 
role of suckling-mouse pathogenic viruses in the various clinical varieties of 
“poliomyelitis,” and many workers have since isolated such viruses from the 
stools of nonparalytic patients.. These viruses belong to both Groups A and 
B. In many of these patients homologous Coxsackie virus-neutralizing anti- 
body has been found to develop in convalescence. Further support for the 
suggestion that these viruses were the etiologic agents was afforded by the 
record of failures to demonstrate coexistent infection with poliomyelitis viruses. 

These findings did not, however, afford conclusive proof of the etiologic 
role of Coxsackie viruses in aseptic meningitis. Caution was particularly neces- 
sary because of the finding of Coxsackie viruses in the stools of normal children, 
in those of patients having paralytic poliomyelitis, and in those of patients with 
herpangina. Furthermore, many of these isolations were made during periods 
of prevalence of paralytic poliomyelitis. 

It was not at first clearly realized that Coxsackie viruses A and B cannot be 
considered as constituting a single group of pathogenic agents. Further studies 
in which the causal viruses have been characterized have led to the conclusion 
that, although there is no clear-cut evidence associating Coxsackie A viruses 


with aseptic meningitis, there is direct evidence linking Group B viruses with 
this syndrome. 


Direct Evidence for the Etiologic Role of Coxsackie B Viruses 


Five observations offer direct evidence for the etiologic role of Coxsackie 
B viruses: 

(1) Many workers have isolated strains of Coxsackie B virus from the stools 
of cases of aseptic meningitis. Several of these patients and others whose stools 
were not tested have developed significant increases in homologous antibody. 
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Isolations have been made from both children and adults in the following years: 

1947 to 1955, New York, various B strains;** 

1947 Ohio, B2 strains;*° 

1948 Connecticut and Rhode Island, B1 strains;** “° 

1949 Massachusetts, B4 strains;!* 

1949 to 1955 Sweden, B3 strains;?%*?: ?-“4 

1950 Ontario, B1 strains;° 

1951 Ontario, B2 strains;° 

1951 Australia, B3 strains;* 

1951 to 1954 Southern Africa, B1 and Bé4 strains;?*: * 

1952 Ontario, B4 strains;*: 7"° 

1953 Pennsylvania, B2 strains; 

1954 Washington, B2 strains; Ontario, B2 strains; 

1955 Ontario, B2 strains. 

In most of these studies, suckling mice were used to test for Coxsackie B 
virus but, more recently, monkey-kidney monolayer cultures have been em- 


- ployed. In several of these studies, tests for poliomyelitis virus have been 


- performed also, with negative results. We, as well as Kirby and Evans,*® have 


also tested sera for poliomyelitis antibody. Only exceptionally have the re- 
sults suggested that poliomyelitis infection might have been missed by examina- 


tion of stools for virus. 

Our group has collected 18 cases (out of 96 studied) of aseptic meningitis in 
which the laboratory evidence strongly suggests that Coxsackie B virus was 
the etiologic agent (TABLE 1). 

(2) Several strains of Coxsackie B virus have been recovered from the CSF, 
either by inoculation of mice or tissue cultures. B3 strains were recovered in 


~- Sweden.8 3° A B2 strain was isolated in Philadelphia, Pa.” Other isolations 
~ were made in Southern Africa*® and Israel.* In our laboratory,’ 5 strains of 
~ Coxsackie B virus (B2 and B4) have been recovered from the CSF (TABLE 2). 


It would appear that at least 20 such isolations have now been reported. 
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(3) Physicians and laboratory workers infected with Coxsackie B viruses 


have developed a meningeal reaction.” °° 


(4) The apparent association of Coxsackie B viruses with aseptic meningitis 


has been rendered more significant by the demonstration that these strains 
rarely occur in the stools of normal children or of children ill with diseases other 


than “nonparalytic” poliomyelitis.” — 


(5) Furthermore, Coxsackie B, viruses have been isolated only very rarely 
from the stools of patients having paralytic disease.* “ 48 No Coxsackie B 


- viruses have been isolated by our group from the stools of 71 paralyzed pa- 


tients adequately tested (TABLE 3). 


Clinical Features of Coxsackie B Meningitis 


In those cases of pleurodynia or myalgia where aseptic meningitis arises as 
a complication, the clinical features of the meningitis are presumably quite 


characteristic. In North America, however, cases of Coxsackie B meningitis 
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TABLE 2 


CAsEs oF “NONPARALYTIC” POLIOMYELITIS TESTED FOR VIRUSES IN CSF By 
INOCULATION OF MONKEY-KIDNEY MONOLAYER CULTURES 


sO Lae @s Pasa plesiesteGhrrmt fe eiricyqstel ss criss eau) eke ee 60 
(COXKcAckics isolated pete tere a inc ha teate a came en ons eat 
Orpbanisolatedmeee nem ertrey cet eee ene Aeron eee 3T 
INSSDIGE TRG oo ous tei eee 5 custiueie eee chen ec clas Earn eee curiae ieee see, 


* Types: B2 strain, 1; B4 strain, 4. 
7 Similar viruses excreted in stools. 


have very seldom presented pleurodynia or myalgia. The features present 
have been those of the aseptic meningitis syndrome. 
We have recently completed a review of the clinical features of the 18 cases 


~ of proven Coxsackie B meningitis seen in our hospital from 1950 to 1955.1° 


The details are shown in TABLE 4. The average age of these patients was 6 
years, and no patient was younger than 31% years or older than 11. Only 3 of 
the 18 patients had a true biphasic illness, with a short asymptomatic period 
between the 2 phases. In 6 patients the illness started abruptly with evidence 
of meningitis. In 9 patients malaise, anorexia, and “crampy” epigastric 
pains occurred in a prodromal illness that merged into the major illness. 

The clinical features of the major illness consisted of fever, signs of meningitis, 


nausea and vomiting, headache, drowsiness, and pain in the neck and back in 


most cases. Seven patients showed myalgia, but none had pleurodynia. 
The deep and superficial reflexes were normal in all patients, and none pre- 
sented tremor. These negative findings may represent points of distinction 


from poliomyelitis. The average CSF cell count was 188 per cu. mm. Only 


9 of the 18 had counts of over 500. The differential CSF cell counts usually 
showed a preponderance of lymphocytes or equal numbers of lymphocytes and 
polymorphs. Protein values were never above 45 mg. per cent. Sugar and 


chloride values were normal. 


TABLE 3 
“PoLIOMVELITIS” TESTED FOR VIRUSES IN STOOLS BY INOCULATION OF MONKEYS, 


CASES OF 
Sucxi~inc Mice, oR MonkEy-KIDNEY MOoNoOLAYER CULTURES 

Paralytic polio Nonparalytic polio 

pe ee 
Ratalete rat: Mase ema: ne ntti fl 96 

Positive polio only.......-.-.-++++-+e eee 59 (83%) 11 (05%) 
Positive x ois and Coxsackie A........------- 5 21%) 2 (2.49%) 
Positive polio and Coxsackie B..........----: 0 Sy (622%) 
Total positive polio.......----+---s.s++s0ee 64 (90%) 18 ea 
Positive Coxsackie A only.......----------:: (0) 3 - fe ' 
Positive Coxsackie B only......-.---+---+++: 0 F (1 F oy 
Total positive gai : he Bd: Metin fe ; (7.1%) A oe ie 
Total positive Coxsackie B....----.---+-+++> 0% 
Mertive polio or Coxsackie... -....++-- +--+) 7 (9.9%) 54* (56.4%) 


* Includes 11 orphans. 
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TABLE 4 


EIGHTEEN CasEs or Aseptic MENINGITIS DuE TO CoxsACKIE B Virus: SYMPTOMS AND 
‘ CLINICAL LABORATORY FINDINGS 


Duration of Main features Laboratory findings on admission 
illness D 
ays 
from SO A 
a beri m= = Cerebrospinal fluid 
ao [e) om 
Patient 58 es aa ¥ 8 E a. fone y hs 2 _ 

ae 2 t 2} & : u oa 9 

Eg | Ag loam 2/4] & |a| cs (dmiejperce | ga] S82 | ae & 

"J. fy Suh. | SOR he a ee iba em 45] ess | SB g 

oc Che o ou a > A=) oY lehed a i] 

Ay a MialjZzwzlal a oO ns) 3 n 
RaGs 3 3 1 +) +] +} +] — /100 6,000} 120 100 — | — 
Re 3 2 1 +} —| — | +] + |103.4| 7,500) 15 10 |24.2) — 
A. G. 6 2 2 —| +) — | —| + /102 6,200} 18 90 —|— 
J. A.S. — 3 0 +) +} + | —| + |104 {14,100} 29 60 —}|— 
L. M. —= 3 0 —| +) + |} —| + |101.4) 9,000) 40 100 |22.4/72.2 
D.D — 4 0 +! +} + | —| + |101.4/15,600) 204 90 |44.6/57.4 
M.A. —_ 5 0 +| =| + | | + (102 8,000) 50 40 |16.1|/76 
pe At 2 i —| +} + | —| + /100.2} 6,500} 700 33 138.9/61.2 
B. S. 5 3 1 +] —}| + | +} + |100.4) 7,000) 100 80 |14.7/66.8 
a et De Atala 1 +) +) + | —| + |102.4)16,200) 325 30 |20 |54 
Pon: 5) 3 1 +) —| +} —| + /103 6,200) 181 60 — |70 
A.D. 4 3 2 +) +) + | +] — |100 6,200} 106 34 23.3) — 
A. McK. — 4 0 taste eet essai stew noe 7,600} 86 84 —|— 
B. B. 2 3 il —| +] + | —} + /103 9,800) 240 25 |22.1/74 
D. G.* _ 4 1 +) —| + | —| + |100.2| 9,600} 36 90 —|— 
A. S. oT 4 0 +] +/ + | —| + |102 |15,000) 600 15.437: Wess 
L. W. 3 4 3 +) +] — | +] + |101 hs 90 100 —|— 
S. A. 2 2 1 =e el 1200 a 450 60 |45.1/66.5 


* These patients excreted Coxsackie B virus in the cerebrospinal fluid. — ; 
+ A short asymptomatic period occurred between the 2 phases of illness in these patients. 


ORPHAN VIRUSES IN ASEPTIC MENINGITIS 


These enteric cytopathogenic viruses have been recovered from the stools of 
cases of aseptic meningitis since 1947,**: °457 as well as from the stools of cases 
of paralytic poliomyelitis,®*: *° and from normal children.*: 6 Many isola- 
tions were made in the 1954 field trial of poliomyelitis vaccine,® and this was 
our experience in the 1955 Ontario program.” 

Increases in antibody have been recorded in some cases. Although time will 
elapse before the etiologic role of these agents in human disease is fully clarified, 
there is already evidence that some strains cause aseptic meningitis. As shown 
in TABLE 2, we have isolated 3 strains directly from the CSF.8: David 
Karzon of the Children’s Hospital, Buffalo, N. Y., has told us of a similar ex- 
perience. 


Discussion 


Few will fail to accept the evidence that Coxsackie B and some ECHO 
viruses can be ranked among the many viral causes of the aseptic meningitis 
syndrome. The evidence advanced is at least as good as that incriminating 
mumps, herpes, western equine encephalitis, and lymphocytic choriomeningitis 


viruses, all of which have been isolated from the CSF, or poliomyelitis, which 
has not been so isolated. 
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The pathology of the central nervous system in Coxsackie B aseptic menin- 


_gitis is unknown, as no case of uncomplicated meningitis has yet come to 


autopsy. There is little evidence to suggest extensive encephalitis. The only 
report that refers to serious illness and sequelae is that of Stanley, Dorman, 
and Ponsford,® and this seems to be exceptional. 

Gear and his colleagues® have reported cases of myocarditis in infancy, and 
at least one case showed encephalitis histologically. 

The frequency with which Coxsackie B viruses cause aseptic meningitis varies 


from year to year and place to place. Ina review of the literature up to the 
end of 1954, Dalldorf cites 29 isolations of Group B virus from stools of 202 


. 


cases (14.5 per cent). In Sweden, about 11 per cent of a series of cases of 
aseptic meningitis in children was caused by Coxsackie B virus.” In Toronto, 
of 96 cases, 18 (18.8 per cent) were so infected (TABLE 3). In Southern Africa, 
this virus is said to be “the commonest identified cause.’”* 

The evidence suggests that Coxsackie B viruses cause the aseptic meningitis 
that occurs in association with Bornholm disease, as well as the variety that 
occurs independently and, usually, during the poliomyelitis “season.” 

A point of considerable interest is the apparent incompatibility of Coxsackie 


_ Band poliomyelitis virus infections. This phenomenon has been demonstrated 


3 


ee a? ohk\ 4... 
fae Soe Vian Br 


Ree ee 


in various ways. Thus Coxsackie B infections interfere with Lansing polio- 
myelitis infection in mice; 6 interference occurs in tissue cultures.*° There 


are some suggestions that interference occurs in man. 


Dalldorf* emphasizes that Group B and poliomyelitis virus have rarely been 
isolated together from the same stool specimen, although Group A and polio- 
myelitis have frequently been recovered together. We have, in fact, studied 
5 nonparalytic patients, as shown in TABLE 5, who excreted both Coxsackie B 
and poliomyelitis virus.’ In 2. of these patients, Coxsackie B viruses were 
isolated from the CSF. 

It is still legitimate to speculate that Coxsackie B infection may prevent or 
modify, presumably by interference, a superadded poliomyelitis virus infection 


of the infected host. 
There is some further evidence that interference occurs in the field.2?: 38 


TABLE 5 


LABORATORY TESTS IN CASES OF Aseptic MENINGITIS EXCRETING 
PoLIOMYELITIS AND COXSACKIE B VIRUSES 


. Neutraliz- iz q 
Coxsackie B ki . Lie Homotypic 
isolated from Ses paces ees Poliovirus in stool polio 
in CSF | Coxsackie ¢ 
ae stool antibody, antibody 
ont. : 
and | Initials, age, Z a = 2 
year of and sex 5 bs) a 8 xz PD 5 
illness Hs Z pe > 3 ee A g > o 
3B 988 3 Ee as 22 3 os 
e\az|eeei2| 8 |2)e 12) 2 a. |8\8 
Pata it a = = qa |/oO |a < s a|o 
i Dye Riera ee nS) al) 0.4/1.2 | + | + (Pype 1)| + (Lype 1)) 2.4 3.6 
1952 | Ee Tom ||) ) St we} — | — t | f Se 1) £ ctype 1) 
1952 | D.Z., 4, f +/—]+ (B4)| — | — 0.4 11.4 | — | + (Type 1) + (Type 1)| 2.8 |. 3.0 
1952 | J. A. D.,4,f | + 4 | + (B4)| — | + (B4)) 1.6 3.0} +|— = 
ies2 \GAo ks, 68,4. | | — | MBs)! — | + (84) Li i! 
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Coxsackie B infections, such as pleurodynia or meningitis, and paralytic polio- 
myelitis have often been reported in the same year, but the peak incidence of 
Coxsackie infections has usually occurred 4 to 6 weeks before that of paralytic 
poliomyelitis. Another common observation is that the years of frequent 
Coxsackie B virus infections are the years of low incidence of poliomyelitis. 

Observations of this nature are difficult to evaluate. They are mentioned 
because of the intriguing possibility that Coxsackie B infections in nature do 
exert an interfering effect on poliomyelitis. We may conclude that although 
much has been learned about the pathogenic role of Coxsackie B virus in man, 
the full story has yet to be told. 


Summary 


This paper reviews the evidence for the etiologic role of Coxsackie B and 
some ECHO viruses in aseptic meningitis. Details are given of a study of 96 
cases of aseptic meningitis. Eighteen of these patients were judged to be suf- 
fering from Coxsackie B aseptic meningitis. The clinical features of these 
patients are described. Coxsackie B virus has been recovered from the CSF 
of 5 patients, and orphan viruses from this source in 3 patients. 
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ISOLATION OF ENTERIC VIRUSES FROM CASES 
OF ASEPTIC MENINGITIS 


By Karl Habel,* Rosalie J. Silverberg, and Alexis ShelokovT 


National Institutes of Health, Public Health Service, Department of H ealth, 
Education, and Welfare, Bethesda, Md. 


In recent years there has been increasing evidence that the clinical syndrome 


_ of aseptic meningitis, including nonparalytic (NP) polio, may be caused by a 
number of etiological agents.!:?_ The etiological relationship existing among 
lymphocytic choriomeningitis, the arthropod-borne encephalitides, herpes, 


mumps, poliovirus, and leptospirae is now generally recognized. Prior to the 
development of tissue-culture methods for isolation of viral agents from large 


numbers of specimens, most of the evidence for etiological relationships had 


consisted in isolation of the virus from cases during the acute clinical illness 


and demonstration of increasing titers of specific antibodies during convales- 
“cence. In some instances the isolation of the agent from spinal fluid or central 


nervous system (CNS) tissue at autopsy and the production of the typical 


clinical and pathological picture in experimental animals have been strong 


arguments in establishing etiological relationship. 
Certain of the Coxsackie B viruses have been implicated by their frequent 


association with clinical disease and by isolation from spinal fluid.*:* However, 
no controlled epidemiological investigation of outbreaks of aseptic meningitis 
_ has been made where virus isolation rates in ill and control population groups 


could be compared. 
In 1952, an investigation of the distribution of poliovirus types in the United 


States and Canada made available a number of virus isolates from cases of 


-“nonparalytic polio.”® In 1955, agents were isolated from both nonparalytic 


polio cases and from some clinically diagnosed as aseptic meningitis. The 


- distribution of virus types isolated from these patients will be presented in 


this report. In the 1952 study, 125 nonparalytic polio patients were studied in 


the Children’s Hospital in Washington, D. C. Comparable specimens from 
125 ward patients were also available in the same hospital, from 171 outpatient 
children at the same hospital, and from 127 children and adults in a section of 
the community from which some of the “polio” patients originated, all sampled 


at the same time. From these groups the relative numbers of isolations of 
- poliovirus, A and B Coxsackie, and certain ECHO viruses were determined. 


Methods 


Virus isolation. ‘Throat swabs, rectal swabs, or stool specimens were treated 
with penicillin and streptomycin, then centrifuged as described elsewhere’ prior 
to inoculation into monkey-kidney roller tubes. Monkey-kidney cultures had 


been prepared by the trypsinization technique, grown in lactalbumin 0.5 per 
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cent, calf serum 2 per cent in Hanks’ salt solution and changed to lactalbumin 
0.5 per cent, calf serum 1 per cent in Earle’s salt solution at the time of inocula- 
tion. The tubes were examined daily for 10 days. Definite cytopathogenic 
effects or questionable positives were passed through kidney cultures until 
ready for identification. a 

The majority of original specimens was also inoculated into suckling Swiss 
mice. Mice less than 1 day old received material both intracerebrally and 
intraperitoneally. When evidence of illness developed, brain and carcass were 
harvested separately. Brains were passed intracerebrally and caracasses 
intraperitoneally for 3 passages before attempts were made to identify the iso- 
lates. 

Virus identification. Neutralization of tissue-culture isolates was performed 
with specific immune sera in monkey-kidney cultures with readings based on 
microscopic observation for cytopathogenic effect. New isolates were first 
screened against the 3 polio-type specific sera, using the passage virus undiluted. 
If these were negative, then a 10-* or 10~* dilution of the virus was tested 
against a combination of all 3 polio types and, separately, Coxsackie B1, B2, 
B3, B4, B5, and AQ antisera. If these were negative, a virus pool was pre- 
pared and titrated, then the polio and Coxsackie neutralization tests were 
repeated, along with antisera against ECHO 6, 7, and 8, using 100 tissue culture 
infectious doses (TCD) of the unknown virus. All antisera were prepared in 
rabbits except those against polio, which were hyperimmune monkey sera and 
were used at approximately 5 to 10 neutralizing antibody units in all tests. 

Suckling-mouse passages of viruses were identified in two different ways: 
for the 1952 materials, the suckling-mouse isolations were carried out in R. J. — 
Huebner’s laboratory at the National Institutes of Health, and identification 
was by means of complement fixation of the mouse-passage virus antigen against — 
specific mouse antisera for the various Coxsackie types. In the 1955 study all 
suckling-mouse passage isolates were inoculated into monkey-kidney cultures. 
Those producing cytopathogenic effect were then typed in tissue culture. 
Those negative in tissue culture are still being held for future identification by 
complement fixation. 

Clinical criteria. All cases were clinically diagnosed as either nonparalytic 
polio or aseptic meningitis. In addition to the occurrence of such signs and 
symptoms indicating involvement of the CNS as fever, headache, and stiff 
neck, the chief criterion for inclusion in these studies was a spinal fluid cell 
count greater than 10 per cu. mm. 

Epidemiological situation. There was no definite epidemiological method 
involved in the studies presented later in Part (1) under Results. Here ma- 
terials from clinically ill patients in various areas were tested for virus isola- 
tions. The only common denominators among these patients were the simi- 
larity of the clinical syndrome and the occurrence of the disease during the 
months between July and October, inclusive. 

The epidemiological plan for the 1952 study, the results of which are given 
in Part (2) under Results, was a retrospective one. After specimens from the 
nonparalytic polio patients hospitalized in Children’s Hospital of Washington, 
D. C., were found to yield a high percentage of nonpolio viruses, it was found 
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that there was available a number of stool or rectal-swab specimens that had 
been collected during the same summer in the same hospital from patients on 
wards other than the polio ward, as well as from outpatients. It was decided 
that these materials could be used as time and place controls for the results 
‘obtained in the nonparalytic (NP) polio patients. Likewise, a group of similar 
specimens was available from a community family study conducted during 
August, 1952 in Langley Park, Md., a suburb of Washington, Da Ge Phese 
_ specimens were included because several of the NP polio cases on the hospital 
_ward had originated in this community. 
With the exceptions to be noted below, specimens on the hospital ward pa- 


~ tients were collected on the day of admission, and those from outpatients at the 
time of a hospital visit—not necessarily the first visit. Specimens from the 


“community study were collected within 1 to 3 weeks of the occurrence of 3 
cases of clinically diagnosed polio in the area. 


‘ Results 


(1) Enteric virus isolations from nonparalytic polio and aseptic meningitis 


- patients. From a total of 224 patients transmissible agents have been isolated 


from 156, or 70 per cent. Of the 156 isolates, 42 per cent have been shown to 


be typable polioviruses, 4 per cent Coxsackie A types, 14 per cent typable 


Coxsackie B agents, and 40 per cent have been found to be agents other than 


_ these 3 groups. More correctly, it should be stated that this last group repre- 
~ sents agents causing cytopathogenic effects in monkey-kidney tissue culture 
that are not neutralized by B1 to BS or A9 Coxsackie antisera, poliovirus anti- 
~ sera to Types 1, 2, 3 singly or combined, and do not cause illness in 1-day-old 
suckling mice. Certain of these originally untypable agents from the 1952 
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study have been identified subsequently and will be tabulated in the next sec- 
tion of Results. The relative incidence of each agent is given in TABLE 1. A 


: TABLE 1 
- Virus ISOLATES FROM NONPARALYTIC Porro AND ASEPTIC MENINGITIS BY MonkEy-KIDNEY 
TissuE CULTURE AND SuUCKLING-MousE INOCULATION 
Coxsackie 
Total |Neg. | Polio ie Other 
A | Bi | B2 | B3| B4| BS 
United States, 1952* 
[ANU SEALS SIOA oe ee oat ee eee Ane Sepa 206 O10 5|0|2)0] 0 5 
BIEL CODE cae Vee att 100 |-17| 59 |0 | 0 10|0)4/0) O 10 
Washington, D. C., 1952* 
oe aia ae Nile Aco s 121 | 34| 34 |6 |0 2 o|}0] 0 44. 
PEL CONE. ee eee COC IE 11028)--1.55, 10 2 Net 1.0,)150))) 20 36 
Washington, D. C., 1955 
ae tes Pies Se iae Panag Ae pd V1 6144-0 |- One 1 13 
DE Celt wee act ee ie 100 | 48 el ee sli gi | COP Oe 24 
Total 
PATUITI CL eiciesasc ence tadois oe cns IAN 6S 165) ed hud 13 le Sr 2c eo i 62 
percent. «i... 6. eee ee Aue 30 \e29) 3. 1,0.5°| 6) Zap 0) On Sra 28 
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* Clinical diagnosis ‘‘poliomyelitis.”” 


+ Clinical diagnosis “aseptic meningitis.” 
$4 A9, 2 A7, and 1 A4. 
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TABLE 2 
Enteric Virus IsoLations IN WASHINGTON, D. C. Durine 1952 


Me- Per Polio B Coxsackie A Coxsackie ECHO ty 
* Total 
dian | tested | cent typed 
zee pos.) ylarjmm}2}3}/4]/51/2/4|5]6]7/9]10] 6/7) 8 : 
NP polio®c.aa..5 6 125 77 (Ze NOoh S131 Dl OD 0 120.115. 1-3 
y (5)| (4)} (1)} (1)| (1)] (1)] (1)} 4} 1d] Ld] 2) 2} 2] 2} S)} | ©) 
Ward patients... 2 125 16 0 1;/0/;11]0 0 240.) O08 
Di ary pa- 
‘outa Es i) acne 2 171 20 Vb 204d POO Dileep) 2 Qe) SOs) 0 18a) Oi) aes 3 
Community...... 13 127 15 0o;}/s8|/o/0}0/0}/0/1]}/0}/3;/0)/0)/0;1);2);0)/1 3 
Total en 548 3 esi 4 Ss Tet | ae 2 SOP 6 [oa Shi 2a ope 27 


* Top row of figures indicates actual number of isolations; second row indicates calculated expected number. 


{ Hospital-spread. 


total of 82 per cent of all isolations are either typable polioviruses or untypable — 
agents, probably in the ECHO virus group. However, Coxsackie A9, B2, and — 


B3 occur frequently enough to suggest possible etiological association. 
(2) Relative incidence of enteric viruses in NP polio and control groups. As 


shown in TABLE 2, the control groups were not strictly comparable to the non- — 


paralytic polio group insofar as the median ages differed. The ward and dis- 
pensary patients were younger than those on the polio ward, and the group 


studied in the community as family units were, in general, in an older age group ~ 


and actually included a number of adults. 

TABLE 2 indicates that a variety of viruses was isolated from the stools of 
all 4 groups, but it is also apparent that there were a few striking differences 
between the groups. In the first place, a virus isolation of any type was made 
3 to 5 times more frequently in the polio group than in the controls. On the 
basis of the total incidence of positive isolations for each virus type, the ex- 
pected number has been calculated for the NP polio population and is also 
given in TABLE 2. Those showing 3 or more times the expected number are 
poliovirus Types 1 and 3, Coxsackies B2, A7, and A9, ECHOs 6 and 7, and the 
as yet untypable group of agents. There were almost as many Type 2 polio- 
viruses isolated in the community group as in the NP polio group, and the 
number of isolations of Coxsackie A6 and A10 in the dispensary patients was 


TABLE 3 


Virus IsoLATIONS FROM SAME SPECIMEN MONKEY-KIDNEY 
TissuE CULTURE OR SUCKLING MICE 


Coxsackie 
Total - 
A Bi B2 B3 B4 B5 
TC+ SM+ 1% 0 14 9 0 0 24 
TC+ SM— 4* 1 8 1S i 1 30 
TC— SM+ 35 0 8 1 0 0 44 
Motalh Mece..% acai aa ee 40 1 30 25 1 1 98 


eae A9. Three samples were positive for poliovirus in tissue culture and positive for Coxsackie A in suckling 
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TABLE 4 
RESULTS OF SUCKLING MousE INOCULATIONS WITH TISSUE CULTURE PASSAGE VIRUSES 


Coxsackie 
Results Total 
Bi B2 B3 B4 
THesviigyge €.8 Gee okt one 1 6 11 2 20 
INEPALIVE® . 5. Soe ee eins 0) 4 4 0 8 


more than 3 times what would have been expected. ECHO 8 virus seemed 
fairly well seeded in all 3 hospital groups, whereas there were too few cases of 
the other viruses to give valid comparisons between groups. 

(3) Relative efficiency of monkey-kidney tissue culture and suckling mice in 
the isolation of certain Coxsackie viruses. In the course of these studies several 
hundred specimens were tested for virus isolation by both tissue-culture and 
suckling-mouse inoculation. In TABLE 3 are listed the results indicating that 


 A9 was the only A Coxsackie isolated in tissue culture. There was a slightly 
- greater chance of isolation of B Coxsackies in tissue culture alone than in 
_ suckling mice alone. However, it is obvious that, if either technique had been 

used exclusively, a certain number of positive specimens would have been 


reported as negative. 


a“ 
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From the data presented in TABLE 4 and other data not shown it has been 
found that variability in virulence for the suckling mouse may still exist after 
certain Coxsackie viruses are well adapted to monkey-kidney tissue culture. 


Discussion and Summary 


The results presented in the first section of this report merely indicate the 
occurrence of a variety of viral agents capable of being isolated by either 
monkey-kidney tissue culture or suckling-mouse inoculation from stools of 


patients suffering with nonparalytic poliomyelitis or aseptic meningitis. The 
percentage of positive isolations of a virus from clinical cases of this syndrome 


is quite high, having been 83 per cent, 72 per cent, and 52 per cent in 3 different 


studies with an over-all rate of 70 per cent. However, from this type of in- 


vestigation, where only clinically ill patients are examined for the presence of a 
virus, it is impossible to evaluate the significance of association between the 
virus and the disease. There is something to be learned, however, from these 
uncontrolled studies. It appears that, at least in some areas and during certain 
polio seasons, the clinician is able, on clinical grounds alone, to separate the 
majority of true nonparalytic polio cases from the aseptic meningitides of 
other etiology. This is apparent in the results reported in 1955, where only 
cases diagnosed as ‘‘aseptic meningitis—probably not polio” were investigated, 
and the isolation of polioviruses was only 4 per cent. On the other hand, 
aseptic meningitis due to agents other than poliovirus apparently cannot easily 
be segregated from cases of true nonparalytic polio. In the 2 groups of clini- 
cally diagnosed nonparalytic polio studied in 1952, 24 per cent in the United 
States as a whole and 44 per cent in Washington, D. C., were positive for agents 
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other than poliovirus. If the relative distribution of kinds of viruses is cal- 
culated for the 224 patients from whom viruses were isolated, there were 42 
per cent poliovirus, 4 per cent Coxsackie A, 14 per cent Coxsackie B, and 40 
per cent others. Most of the agents classified as “other” in these over-all 
results have been typed as ECHO 6, 7, or 8, but a number still remain to be” 
identified. It is fairly safe to assume that, by definition, they will probably” 
be classified as ECHO types eventually. 

However, the significant findings in this study, as far as evidence for etio- 
logical association of viruses with NP polio or aseptic meningitis is concerned, 
would seem to be in the controlled investigations in 1952. 

Other than polioviruses Types 1 and 3, the most significant association of the 
NP polio syndrome with virus isolation would appear to be with Coxsackie 
A7 and A9, ECHO 6 and 7, and the untypable agents. However, detailed 
investigation of the time of collection of samples which were tested in relation 
to time of admission to the polio ward and in relation to viruses already known 
to be present in other patients in the same ward gives some interesting differ- 
ences. Parrott ef al.6 have already reported on the situation prevailing in the 
case of Coxsackie A7 virus where 4 of the 6 isolations were made on specimens 
obtained from children more than 7 days after their admission to the ward in 
which they were exposed to the original child who had been positive for this 
virus at the time of admission. The sixth individual positive for A7 virus was 
a sibling of one of the others who was admitted 9 days after his brother had 
returned from the hospital. The prevalence of Coxsackie A7 virus in the 
polio ward patients therefore appeared to be purely a case of hospital contact 
and spread. However, the time of specimen collection can rule out possible 
hospital infection as the source for 3 of the 5 Coxsackie A9, 19 of the 21 ECHO 
6, 4 of the 5 ECHO 7, and 14 of the 17 untypable agent isolations. It must be 
remembered, however, that the comparability of the 4 groups of individuals 
studied is limited. They are comparable from the standpoint of being sampled 
in the same geographical area at the same time, but it is apparent that the 
median age varied. Therefore the differences noted in the incidence of isola- — 
tion of the various viruses might be only a reflection of the differences in the — 
prevalence of these agents in the general population by age, completely unre- 
lated to the presence or absence of the aseptic meningitis syndrome. This age — 
difference, very likely, is the explanation of the higher than expected incidence 
of A6 and A10 Coxsackie virus isolations in the dispensary patients who, in — 
general, were very young children. 
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THE CLINICAL IMPORTANCE OF GROUP A COXSACKIE VIRUSES 


By Robert H. Parrott* 


National Institutes of Health, Public Health Service, Department of Health, 
Education, and Welfare, Bethesda, Md. 


The purpose of this paper is to review the available data that link Group A 
Coxsackie viruses with clinical manifestations and to assess these data within 
the framework of certain fundamental clinical and epidemiological facts about 
these viruses. 

Group A Coxsackie viruses are those that induce flaccid paralysis and marked 
muscle degeneration, but no significant central nervous system lesions, in suck- 
ling mice and which cause no apparent disease in adult mice. _These viruses 
may be differentiated in suckling mice from Group B Coxsackie viruses that 


tend to cause encephalomyelitis, focal myositis, and fat necrosis. The several — 


types within each group are also immunologically distinct. In fact, since 
Group A viruses frequently are associated with herpangina and Group B viruses 
with pleurodynia and aseptic meningitis, it would appear that there is also a 
clinical distinction between the groups in humans. 

This paper refers only to Group A Coxsackie viruses Types Al through 
A10 since, thus far, there are very few data on the newer serotypes Ali through 
A19 in relation to disease. 

Let me then try to review the epidemiological background of Group A Cox- 
sackie viruses: 

Prevalence. A certain percentage of any given number of individuals tested, 
particularly during the summer, will be found to harbor Group A Coxsackie 
viruses regardless of their state of health or illness. TABLE 1 indicates that, 
in the experience of the National Institutes of Health, from 1.5 to 7.5 per cent 
of several groups of healthy or nonspecifically ill persons tested during the 
summer were carrying Group A Coxsackie viruses, particularly those types 
associated with herpangina.’® These findings are corroborated by studies 
from Egypt, Sweden, Finland, Canada, Australia, The Netherlands, Cuba, 
Brazil, and the United States.” Taste 2 represents an extraction of data 
from these sources and indicates an aggregate isolation rate of 4.3 per cent 
Group A viruses from persons with miscellaneous illnesses or from healthy 
persons. A concurrent epidemic of poliomyelitis and Coxsackie A1 virus in- 
fection has been excluded from these data.!8 

(1) Subclinical infection. That some Group A Coxsackie virus infections 
occur without inducing observable clinical disease is suggested by their prev- 
valence in survey groups, but it is confirmed by several studies in which close 
clinical observations were made. For example, complete illness histories were 
available on 28 virus-positive persons in the original studies carried out by the 
National Institutes of Health at Parkwood, Md. Twenty-one of these were 
not ill at any time within 10 days of virus isolation. 

In a hospital study of patients with poliomyelitis, regular supplementary 
clinical observations were recorded, especially for signs of herpangina. In 4 

* Present address: Children’s Hospital, Washington, D. C. 
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TABLE 1 


- Persons PosiTIvE FoR Group A COXSACKIE VIRUSES BY TYPE AND YEAR OF TESTING: 


HEALTHY AND WITH MISCELLANEOUS ILLNESSES, INCLUDING “POLIOMYELITIS’’* 


1952 
Group A Type 1949-1950 1951 Neigh- Totals 
Hospital borhood Field 
study 
af ; 2 3 1 14 
6 2 1 18 
37 ; 
Ay 2 2 
St 5 ifs 11 23 
6t 3 18 1 22 
7 6 6 
8t 6 6 
9 
. 10+ 12 24 2 1 39 
Total of persons positive........... 43 eo) 66 15 4 130 
Total of persons tested............ 1143 120 884 185 263 | 2595 
Per cent positive. ..°.........--.-- Ed 7 425 8.1 A25: S520 


* Data from the National Institutes of Health. 
+ Herpangina strains. 
t A2 and AS were isolated from the same person.'-§ 


_ patients who apparently acquired Group A Coxsackie infections in the hospital 


(two Al and two A7), there were no correlated clinical manifestations.°»® In 
another study, 43 per cent of virus-positive children who were hospitalized or 
were attending a hospital outpatient department had no observable illness at- 


- tributable to virus infection at the time of virus isolation or during the pre- 


TABLE 2 
Persons PositIvE ror Group A COXSACKIE Viruses BY TYPE AND LOCALE OF SURVEY: 
HEALTHY AND WITH MISCELLANEOUS ILLNESSES INCLUDING PARALYTIC 
F oR PROVED POLIOMYELITIS 


BY, " E 2 3 
6 a. Siler 8 = 8 
Group A Type > 2 5 ® = 3 s 8 re = Totals 
z ele |é Shek Mega joe. ee | 8 
Bela ee hob etek. foo. Wee) es 
1 6 Ne 2 1 10 
ae 8 2 1 4 15 
hy 1 1 
4* 2 14T 1 il 18f 
5* 2 1 3 
6* 2 1 3 
of 1 1 1 3 
8* 1 1 
9 1 5 
10* 117 Ziel 3 177 
Undesignated 7 2 6 2 1 18 
ea) Oe ee en cael eee eae ere 
Total persons positive...| 22] 9 | 36 2 Bh chy 7 Se eee 95 
Total poe fested oe ok 517 | 36 (1004 | 20 | 317) 25 | 79 | 75 54 | 76 | 2203 
Per cent positive....... 4.2 |2.5 | 3.6 | 10 [0.95] 16 | 8.9 DTN | ok oe see 


*He yangina strains. ae se 
sf Taciades one person positive simultaneously for A4 and A10. 
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vious or subsequent five days. Measroch, Gear, and Faerber'® and Measroch © 
and Gear®? have recovered Group A viruses many times from 10 infants ob- 
served over a period of months and have observed signs and symptoms related 
to virus isolation. 

(2) Persistence in feces. Certain isolations of Group A viruses may be ex- 
plained by the fact that the agents may continue to be shed from the gastro- 
intestinal tract for variable periods of time after initial infection. Our very 
limited studies, using anal swabs, indicate that virus can be recovered from 
herpangina patients for at least 1 week after the height of fever, but that virus 
is absent in the throat after 3 days.*! In the original Parkwood studies, fre- 
quently virus could not be found a month after initial isolation, but in a few 
cases was recovered up to 47 days after the onset of an attack of herpangina.* 
Cardelle et al.!° found Cuban strains in the feces for up to 8 weeks, a median 
of 4 weeks. Melnick et al.'8 found Al virus in the feces of 3 of 22 persons 4 
weeks after locating an initial positive specimen. 

(3) Season of year and age of subject. It has been general experience to en- 
counter a greater prevalence of Group A Coxsackie viruses during the summer 
and early fall than at other times of the year. Children are more often hosts 
to these agents than are adults. 

(4) Site of isolation and method of sampling. One might wonder what in- 
fluence the site of isolation attempts and the method of sampling have on the 
validity of virus isolations. In general, fecal material is the commonest source 
of isolation of virus. One study of the comparative value of anal swabs and 
whole fecal specimens in herpangina patients® showed that anal swabs carefully 
taken contained virus in 35 of 36 individuals from whom fecal material or 
nasopharyngeal secretions were found to contain virus. In another study” of 
7 herpangina patients during early acute illness, virus was recovered from 
various sites in the following proportions: feces 6/6, anal swabs 5/6, saliva 
6/7, conjunctiva 1/7, anterior nasal passages 2/6, oropharyngeal swab 7/7, 
stomach washings 5/6, and washings of the upper descending colon 5/5. 

That virus can be recovered regularly from the throat during acute illness 
has been confirmed by David, Leavitt, and Howitt and Kravis, Hummeler, 
and Sigel."* We have found neither pleocytosis nor virus in the cerebrospinal 
fluid of 6 children with herpangina.* 


TABLE 3 


Group A AnD B CoxsAcKIE ISOLATIONS FROM PATIENTS IN THE 
HospitaAL FOR More THAN 5 Days* 


Namco ot Number Number Number 
persons Number | positive on | positive after |positive after 
tested positive initial anal | 4th day in 9th day in 
swab or feces} ~ hospital hospital 
Gen’l hosp. wards........... 165 18 8 10 107 
EP lig ee cane ae 485 a5 7 8 4t 
Risen Nel ae eae 650 mene se 15 18 Leuk 


| Some of the information in this table has been reported in Parrott, Huebner, and Rice® and in Parrott 


a All had at least 2 previous negative specimens. 
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TABLE 4 


CoxsACKIE Virus ISOLATIONS FROM CHILDREN ADMITTED TO THE HosPITAL 
witH A Dracnosis oF PoriomyELitis, 1950 THroucH 1952 


pital with a diagnosis of ‘poliomyelitis.’ 


Virus isolations 
Patient’s ess ete Hospital day Coxsackiet Poli litist Neutra- | Admis- 
initials Ce phen feces tested* a eet eusticn ros 
type | Hep: | tyne [Fg 
EK. B: + | 2,10, 12, 16 Al 12 NT = a 
iheg b ae 8 B4 8 NT = — 
F. U. D. ae Ue Ciese el Al 11 NT = — 
P. McG. = 1, 3, 6, 16, 18. A10 | 18 Neg. == = 
ARNG + + | 5, 6,12 A10 | 6 5) — — 
BoP, le dive: B2 8 Neg. — = 
M. H. + 1 A4 1 Neg. = —_ 
D. B. Sr + | 1,7, 19 A10 | 1 I 1 — — 
Jet: ate + | 5,6, 10 B4 5 I 5 = — 
Res aie Se NY AZ s) Neg Dee 7-13 
4.1 
CoP. =e =P Ith ell. LF Al Pa alge \ NT 7-15 
Aa: Se 0,8 A7 0, 8 Neg 4.1 7-16 
ied: + 4, 11 Al 11 Neg NT 7-18 
W. Haw. 2,9 A7 9 Il 4 it, 7-20 
3.4 
R. Haw. + 1 A7 1 Neg. 4.2 8-9 
Sah 


NT—not tested. 

X—sibling had Type 2 poliomyelitis in feces. 

* Numbers in italics indicate day on which virus was isolated. 

+ Feces tested by inoculation of 2-day-old suckling mice. 

t Feces tested in monkey-kidney tissue culture by Habel and Shelokov.*® 


Chance for spread in close groups. There is accumulating evidence that 
Group A Coxsackie viruses may spread readily among groups of people under 
survey. This fact, I am sure, is accepted in reference to family and neighbor- 
hood epidemics of herpangina and has been demonstrated by the original Park- 
wood survey;!'? by our subsequent family-contact studies;* and by Johns- 
son’s!®: 25 observations of family infections. It may be forgotten that hospital 
clinics and hospital wards also afford excellent opportunities for the spread of 
virus. The circumstances under which Group A virus isolations occurred in 
several of our surveys support this contention. TABLE 3 indicates that at 
least 14 of 33 isolations of Group A or B Coxsackie viruses from hospitalized 
patients were obtained after the ninth hospital day and after there had been 2 


previous negative specimens.” ° 
TABLE 4 gives in more detail the findings on patients admitted to the hos- 


> 

One might be struck with the unusual predominance of A7 isolations in this 
group, but a closer look at these facts suggests that at least 4 of these isolations 
were the result of virus spread from ward and sibling contacts. The 6 isola- 
tions were obtained from children who were present in the same ward during 
the same time or were otherwise in contact (W. Haw and R. Haw are siblings). 


It is likely that A. S. carried the virus into the hospital. C. P. may have done 
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so, but no serological evidence of this is available. C. P.’s sister, who also 
became ill with poliomyelitis 2 days earlier, did not have the A7 virus in her 
stools, nor did she show serological evidence of exposure to the strain. W. H. 
had no virus on admission, but did on later stool examinations; he also showed 


antibody rise during hospitalization. R. C., whose first stool for testing was — 


not submitted until his ninth hospital day, did not have significant antibody 
titer on admission, but did at a later date. R.H. had the virus and a high 
antibody titer on admission, but he had been exposed to his brother, W. H., for 
9 days after the latter’s discharge. 

With the exception of the 2 brothers, the persons from whom virus was iso- 
lated were unknown to each other and were from different neighborhoods. 
The only association of these patients, therefore, was the potential contact in 
the ward. 

The stools of these children were also tested by tissue-culture methods for 
the presence of poliomyelitis virus. At the present time it has been demon- 
strated that the stool of W. H. yielded a poliomyelitis virus, Type 2, and that 
C. P.’s sibling, who did not have A7, also yielded Type 2 poliomyelitis virus. 

Type A7 Coxsackie virus has not otherwise been recovered in this laboratory 
in specimens from more than 5,000 normal persons and persons with various 
illnesses, including poliomyelitis and herpangina. : 

These findings emphasize the fact that isolation of virus from a single speci- 
men obtained at a single time from an ill person during hospitalization should 
not in itself be interpreted to mean that the virus is related to the illness for 
which the patient is hospitalized. 

Dual infection. Tf these viruses are prevalent and readily communicable, it 
is not surprising, but might be easily forgotten, that they can be isolated con- 
currently with other viruses. In the same specimen with Group A Coxsackie 
viruses, we have found herpes simplex virus,?* other Type A viruses (A5, A8),”7 
and Types 1 and 2 poliomyelitis virus.% 

Others have found Group A viruses in the same specimen with poliomye- 
litis,"» 8 other Group A viruses, and Coxsackie Group B viruses.2*®2 A care- 
ful search for other etiological agents is therefore in order whenever one is 
tempted to ascribe an unproved clinical picture to Group A viruses. 

Opportunities for multiple exposure to different viruses and the consequent 
introduction of confusion into a clinical epidemiological survey are exemplified 
in a study that we undertook because of the apparent occurrence of 4 cases of 
poliomyelitis in the same block in a neighborhood subsection. Briefly, 185 
persons in 41 households were tested. Poliomyelitis virus was not isolated 
from the index cases whose illness had taken place about a week before the 
survey. Five untypable or ECHO agents were isolated from 5 households at 
their end of the block, however. In addition, Type 2 poliomyelitis virus was 
found in 8 people from 4 households, and Group A Coxsackie viruses in 15 
people in 10 households. 

Specific clinical relationships. If in a particular study a clinical association 
of Group A Coxsackie viruses can be shown to occur more often than would be 
expected by chance, considering all of the above factors, several steps are neces- 
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TABLE 5 


Group A CoxsackiIz Virus ISOLATIONS FROM PATIENTS WITH HERPANGINA IN 
METROPOLITAN District OF COLUMBIA AND IN CHILDREN’s HospitraL* 


——_— 
1949-1950 1951 1952 Four years 
Group A Type 
Cases pons Cases Rens Cases Cases mire besesane 
1 
: 9 4 3 12 4 16 
4 1 ? 16 6 1 18 8 26 
5) Ot 5 12 4 2 23t 9 327 
. 1 1 5 0 5 
: 12+ 4 Dy 4 167 
‘ 10 iat 3 + 15 3 18 
Persons positive.......... 44 18 29 10 11 84 28 112 
Persons tested........... 50 44 37 17 13 100 61 161 
Per cent positive......... 88 41 78 59 85 84 46 70 


* From the National Institutes of Health, Bethesda, Md., from 1949 through 1952.2-4, 26, 30, 34, 35 
{ Includes one person simultaneously positive for AS and A8. 


sary before this relationship can be translated into practical terms for clinical 
diagnosis. 

The first of these steps is regularly cited: that the disease be reproduced in 
man by the virus in question or that the disease be associated with this virus 


regularly at different times and in different locales. 


The second step, I fear, is often forgotten by the virologist and epidemiolo- 
gist; namely, that the disease must, descriptively, be distinct enough to be 
recognized by the clinician. After all, one of the final purposes of clinical virol- 
ogy is to offer the clinician material that furthers the rational use of his powers 
of observation. Such terms as “minor illness,” used often in describing Cox- 
sackie infections, are of little value to the clinical practitioner. 

These 2 principles are well followed for herpangina. In its typical form, the 
disease is clear cut and has been recognized in association with Group A Cox- 
sackie viruses throughout the world. The National Institutes of Health 


‘laboratories have recovered Group A Coxsackie viruses from 84 per cent of 


herpangina patients and 46 per cent of their contacts (TABLE 5).?-*: 26 5, % 


Group A virus has been isolated from 72 per cent of other reported cases (TABLE 
6).12, 15, 28, 86-44 Strikingly, the virus types have been consistently the same 6 
(A2, A4, AS, A6, A8, A10), and Type 3 has been found in herpangina in only 
one locale at one time (TABLE 7). 

There are those who question the regularity with which herpangina is asso- 
ciated with these viruses.*”’ “46 It is my impression that these authors have 
been considering the oropharyngeal lesion itself, and not the entire clinical 
picture of herpangina. 

Tf distinctness of clinical picture is a necessary factor in final assessment of 
clinical importance of Group A viruses, then we should have to stop at herp- 
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TABLE 6 
Group A CoxSACKIE Virus ISOLATIONS FROM PATIENTS WITH HERPANGINA 


3/8 Shhg at. 
Group A Type 12 % = 3 M g 3 & 8 yh Totals 
| Cre ae OP ie Fie Uae ta eS 
ce gt ee eee | | & | 8 | gs 
1S) ee “4 Ay = is 4 oO n 
1 0 
2 1 1 2 
3 4 4 
4 4 3 1 8 
5 Z, 1 3 
6 0 
7 0 
8 1 1 
9 0 
10 13 4 1 18 
Undesignated Stile 4 Z 4 203) ao 23 75 
Persons positive........... 30 HZ Al 47 4 9 20 3 Ye es 
Persons tested............ 43 |13 Bp 21 eld 28 20} 4 34|_ £95 
Per cent positive.......... 86 (92.4, 50] 81 | 36.4 | 32.2 | 100 | 75 | 100 72 


angina. We might, however, review the evidence for association of Group A 
virus with illnesses other than herpangina in the hope that better criteria for 
clinical diagnosis eventually will be selected. 

A suggestion that herpangina strains of Coxsackie virus cause febrile ill- 
ness without herpangina lesions comes from studies of contacts of children 
with the disease. Four of 10 virus-positive family contacts had febrile pharyn- 
gitis in our 1951 studies.‘ The suggestion was furthered by the recovery of 
Group A viruses from 8 of 13 children with febrile pharyngitis.* These studies 
are not fully acceptable as linking Group A viruses with febrile pharyngitis or 
so-called summer grippe or 3-day fever. Furthermore, I am aware of no re- 
port in which the evidence for a relationship with summer febrile disease is 


conclusive. Webb, Wolfe, and Howitt,” for example, report the isolation of — 


Coxsackie virus A2 from the throat of 1 patient and the feces of 1 of 5 tested 


TABLE 7 


Composite OF Group A COXSACKIE Virus Types ISOLATED 
FROM PATIENTS WITH HERPANGINA 


A Percentage of 
Group A Type N.LH. (zante 5) | N-1-H, typings | wong (TABLE 6) Totals jenat 


for other labs. eee ed 
1 0 0 
e/ 12 i oy) 15 10 
3 4 4 3 
4 18 8 26 18 
5 23 3 26 18 
6 5 0 iS 3 
7 0 0 
8 wal? 1 13 9 
; 15 24 i ? 
8 
Undesignated 0 0 75 Hl Ee 
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patients who had fever, headache, and myalgia lasting from 2 to 4 days. 
Fukumi and Yokota‘ found A1 and A4 viruses in 10 stools collected 7 to 15 
days after the onset of an epidemic febrile disease that affected 51 persons ina 


factory. Melnick, Walton, and Myers‘ report isolation of A2 and antibody 


rise against that type in 6 children with acute minor illness, “probably herp- 
angina.” Rasmussen, Cline, and Borge® found Group A virus in 14 of 38 
children or young adults who were ill and in 4 of 63 who were not ill during an 
outbreak of febrile pharyngitis in a summer camp. Wood e¢ al. found Group 
A virus in 3 of 8 patients with fever lasting from 2 to 5 days, and with head- 
ache, sore throat, and myalgia. 

There have been several reported laboratory infections with Group A Cox- 
sackie viruses. ‘The clinical features are as follows: 

(1) Type A4 induced a 4-day fever, dysphagia, generalized aching, and 
pharyngeal erythema;*" 

(2) Type A4 infection induced chest pain, chills, fever, and headache;*! 

(3) Type A10 infection was accompanied by herpangina in 2 adults, febrile 
disease with chills in 1 adult, febrile disease with myalgia and chest pain in 1 
adult, and febrile pharyngitis in a child of a laboratory caretaker.” 

The aggregate of experience tends to indicate that the herpangina strains of 
Group A Coxsackie viruses may cause febrile pharyngitis and myalgia during 
the summer. Such illness, I suspect, is often subtypical herpangina and can 
be diagnosed clinically only when it occurs in relation to cases of typical herp- 
angina. 

Most reports of a link of Group A Coxsackie viruses with meningitis, diarrhea, 
and pleurodynia fit the above clinical and epidemiologic criteria so poorly that 
it is difficult to explain the instances in which various authors propose an etio- 
logical relationship. 

Diarrhea. Among those proposing that Group A Coxsackie viruses may be 
responsible for diarrheal states are Travassos® and Pohjanpelto.” ‘Travassos 
studied 20 fecal specimens from infants with gastroenteritis and found Group A 
virus in 9 of them; of 21 samples from the throat, 4 were positive. Pohjan- 
pelto feels that finding Coxsackie viruses, mainly A4, in 4.4 per cent of 187 mis- 
cellaneous diarrheal patients and in only 1.1 per cent of well controls is signifi- 
cant. On the other hand, our studies*: * have included 165 children with mis- 
cellaneous otherwise undiagnosed diarrheas, including ‘epidemic diarrhea,” 
and only 4 have had Group A viruses (2.4 per cent). I do not believe that, as 
yet, a distinct entity of gastroenteritis fits the described clinical and epidemio- 
logical criteria well enough to be ascribed to Group A Coxsackie virus etiology. 
This is not to say, of course, that diarrhea may not occasionally be a symptom 
of herpangina, or of other Group A infections. 

Aseptic meningitis. Johnsson?” points out that, in Sweden, Group A virus 
was recovered from 2.0 per cent of all cases of aseptic meningitis compared with 
0.9 per cent of paralytic poliomyelitis cases and 2.5 per cent of miscellaneous 
illnesses. However, in children under 15 years of age with aseptic meningitis, 
during the fall the percentage of isolations was 6.2 per cent, as compared with 
0.9 per cent in paralytic poliomyelitis. The Group A isolations included one 
Al, one A2, three A4, one A7, and two A10. Verlinde and Tongeren,'® study- 


238 Annals New York Academy of Sciences 


ing a mixed outbreak of poliomyelitis and Bornholm disease, also isolated T ype 
A2 and A3 virus from 4 of 20 patients with aseptic meningitis. A similar 
number of patients with paralytic poliomyelitis had the agents, however. 
Windorfer and Born* also report isolation of A2 from the stools of 2 children 
with meningoencephalitis, and single elevated neutralization or complement- — 
fixing antibody titers in several others in a small epidemic of summer meningitis 
that affected 26 children. These authors had no concurrent controls. On the 
other hand, hundreds of other cases of aseptic meningitis have been studied 
by mouse-inoculation techniques and, although the evidence is mounting that 
Group B viruses may cause this syndrome, there are only occasional isolations 
of Group A virus. 

If tissue-culture methods can be adapted to more of the Group A viruses,®® — 
the picture may change as it may be changing with A9, a virus that is being 
found with increasing frequency by monkey-kidney tissue-culture technique in 
cases of aseptic meningitis.*® 


Summary 


The clinical importance of Group A Coxsackie viruses must be assessed in 
the light of several clinical and epidemiological facts. 

(1) Prevalence. Asa result of subclinical infection or persistence in the feces 
after infection, these viruses may be isolated in from 1.5 to 7.5 per cent of 
persons who are not ill or who have miscellaneous unrelated illnesses. Sea- 
sonal and age factors, as well as the site and method of sampling, may influence 
isolation rates. 

(2) Opportunity for nosocomial spread. ‘The circumstances under which iso- 
lations occurred in several of our studies strongly suggest that Group A viruses 
may spread from patient to patient in hospitals as well as in family or neigh- 
borhood groups. 

(3) Possibility of dual infections. Group A viruses have been found simul- 
taneously with Group A viruses, with Group B viruses, with herpes simplex, 
and with several poliomyelitis viruses. 

In addition, a disease presumably caused by these viruses must be associated 
with the viruses regularly at different times and in different locales, and it 
should be clinically distinct if its relation to virus is to be of value to the clini- 
cian. 

Herpangina fulfills all of these criteria. There is also a strong suggestion 
that other summer febrile pharyngitis cases are caused by Group A Coxsackie 
viruses. 

Coxsackie Group A viruses, Types 2, 4, 5, 6,8, and 10 are commonly asso- 
ciated etiologically with herpangina, and these same types are also associated 
with less well-defined summer febrile disease that may be subclinical herp- 
angina. Evidence is insufficient for association of Types Al through A10 
with enteritis or aseptic meningitis, although A9 tissue-culture strains are 
being found more frequently in aseptic meningitis cases. It appears that Types 


1 and 7 and, possibly Types 3 and 9, except as noted, are still “viruses in search 
of disease.” 


Gal ee 


Aes 


\ 


nig aia SS iliac 


oe x 


10. 


ills 
12% 
13. 


14. 
15: 
16. 
ie 


18. 


Parrott: Importance of Group A Coxsackie Viruses 239 


References 


. Huesner, R. J., C. Armstronc, E. A. BEEMAN & R. M. Core. 1950. Studies of 


Coxsackie viruses. Preliminary report on occurrence of Coxsackie virus in a southern 
Maryland community. J. Am. Med. Assoc. 144: 609-612. 


. Huesner, R. J., R. M. Corz, E. A. Beeman, J. A. Bett & J. H. Peers. 1951. Her- 


eee. concuolenical studies of a specific infectious disease. J. Am. Med. Assoc. 145: 


. Corz, R. M., J. A. Bett, E. A. Beeman & R. J. HurBner. 1951. Studies of Cox- 


sackie viruses: Observations on epidemiological aspects of group A viruses. Am. J. 
Public Health. 41: 1342-1358. 


. Parrort, R. H., S. Ross, F. G. Burke & E. C. Rice. 1952. Further observations on 


herpangina and its relation to the Coxsackie group of viruses. Clin. Proc. Children 
Hosp. 8: 118-124. 


. Parrott, R. H., R. J. Hurpner & E. C. Rice. 1953. The occurrence of Coxsackie 


viruses in hospitalized poliomyelitis patients. Clin. Proc. Children Hosp. 9: 134-137. 


. Parrort, R. H., R. J. Huesner, N. B. McCutxoves, S. I. Worr & E. NAIDEN. 1955. 


The hospital as a factor in assessing the occurrence of Coxsackie viruses in various 
illness groups. I. Children from the outpatient department and various hospital 
wards. Pediatrics. 15(3): 255-263. 


. Datiporr, G. & R. Girrorp. 1951. Clinical and epidemiologic observations of Cox- 


sackie-virus infection. New Engl. J. Med. 244: 868-873. 

MELNICK, J. & K. Acren. 1952. Poliomyelitis and Coxsackie viruses isolated from 
normal infants in Egypt. Proc. Soc. Exptl. Biol. Med. 81: 621-624. 

Jounsson, T. 1955. Occurrence of Coxsackie virus infections in an epidemic of polio- 
myelitis. Arch. ges. Virusforsch. 6: 216-232. 

Jounsson, T. 1955. The occurrence of Coxsackie virus in a hospital material of 
paralytic poliomyelitis, aseptic meningitis and a miscellaneous group of diseases. 
Arch. ges. Virusforsch. 6: 251-261. 

Curnen, E. C. & J. L. Metnick. 1951. Poliomyelitis and Coxsackie viruses in para- 
lytic poliomyelitis. Pediatrics. 8: 237-248. 

PouJANPELTO, P. 1955. The Coxsackie group of viruses, epidemiological studies. Ann. 
Med. Exptl. Biol. Fenniae. 33(Suppl. 6): 1-75. 

Ruoves, A. J., E. M. Crarx, W. Woop, F. T. SumapA, N. SILVERTHORNE, J. B. J. 
McKenney, D. Duncan & C. S. Anctin. 1953. Studies on poliomyelitis in Ontario. 
Can. Med. Assoc. J. 68: 438-443. 

SrantEy, N. F., D. C. Dorman & J. PONSFORD. 1953. Studies on Australian strains 
of Coxsackie virus (groups A and B). Australian J. Exptl. Biol. Med. Sci. 31: 21-30. 

CARDELLE, G., R. M. Jiweney, J. Emsrt, JR. & F. Cao. 1954. Herpangina (report 
of 43 cases and isolation of the Coxsackie virus). Rev. cubana Pediatria. 26: 70.3. 

VERLINDE, J. D. & VAN H. TONGEREN. 1952. A mixed epidemic of poliomyelitis and 
Bornholm disease. Antonie van Leeuwenhoek. J. Microbiol. Serol. 18: 239-245. 

Travassos, J., D. DePaora, J. S. EcHanis, M. Bruno-Loso, J. V. VASCONCELLOS, & 
P. pEGors. 1953. Occurrence of Coxsackie virus in Rio de Janeiro. I. Preliminary 
studies on the isolation of the virus from feces and throat washings. Anais Microbiol. 
2: 71-80. 

MELnIck, J. L., A. S. Kapran, E. ZABIN, G. ContreRAS & N. W. Larxum. 1951. An 
epidemic of paralytic poliomyelitis characterized by dual infections with poliomyelitis 
and Coxsackie viruses. J. Exptl. Med. 94: 471-492. 


. Measrocu, V., J. Gear & G. I. FAERBER. 1951. ~The isolation of a Coxsackie-like virus 


from the feces of apparently healthy Bantu infants. S. African Med. J. 25: 421-424. 


. Gear, J. H. S. & V. Measrocu.’ 1952. Poliomyelitis in southern Africa. Poliomye- 


litis. 2nd Intern. Poliomyelitis Conf. 437. 


. Parrott, R.H. Unpublished data. 
. Parrott, R. H. Unpublished data. ‘ oe 
. Davn, J. K., Jr., D- Leavitt & B. F. Howirt. 1951. A ge pharyngitis; its rela- 


tionship to the Coxsackie group of viruses. Pediatrics. 8: 672-677. 


. Kravis, L. P., K. Hume er, M. M. Sicet & H.I. Lecks. 1953. Herpangina: Clinical 


and laboratory aspects of an outbreak caused by Group A Coxsackie viruses. Pedi- 
atrics. 11: 113-119. 


. Jounsson, T. 1954. Family infections by Coxsackie viruses. Arch. ges. Virusforsch. 


. PARROTT, R.H, S. I. Woxr, J. NupELMAN, E. NaIDEnN, R. J. Huesyer, E. C. Rice & 


240 Annals New York Academy of Sciences 


27. 


N. B. McCutiovucn. 1954. Clinical and laboratory differentiation between her- 
pangina and infectious (herpetic) gingivostomatitis. Pediatrics. 14(2): 122-129. 

Beeman, E. A., R. H. Parrotr & R. M. Core. 1951. Simultaneous occurrence of two 
immunological types of group A “Coxsackie” virus in a case of herpangina. Proc. 
Soc. Exptl. Biol. Med. 78: 295-298. 


. Parrott, R.H. Unpublished data. : ; : _ 
. Gasinus, S. G., T. Jounsson & A. Potpre. 1952. Studies on the etiology of epidemic 


pleurodynia (Bornholm disease). Arch. ges. Virusforsch. 5: 1-13. 


. Jounsson, T. 1954. Studies on the etiology of Bornholm disease (epidemic pleuro- 


dynia). Arch. ges. Virusforsch. 5: 401-412. 


. Jounsson, T. 1953. Laboratory infections with Coxsackie viruses. Arch. ges. Virus- 


forsch. 5: 250-263. 


. Jounsson, T. 1955. Simultaneous recovery of two or more immunological types of 


Coxsackie virus from the same patient. Arch. ges. Virusforsch. 6: 242-249. 


. Parrott, R.H. Unpublished data. ; Le 
. Parrott, R. H., S. Ross, F. G. Burke & E. C. Rice. 1951. Herpangina. Clinical 


studies of a specific infectious disease. New Engl. J. Med. 245: 275-280. 


. HuEBner, R. J., E. A. BEEMAN, R. M. Cote, P. M. Beicerman & J. A. BELL. 1952. 


The importance of Coxsackie viruses in human disease, particularly herpangina and 
epidemic pleurodynia. New Engl. J. Med. 247: 249-256; 285-289. 


. Garp, S. & T. Jonnsson. 1952. Studies of Coxsackie viruses. Acta Pathol. Micro- 


biol. Scand. 93: 332. 


. Jonnsson, T. & J. LunpAnL. 1952. Herpangina, a clinical and virological study. 


Arch. ges. Virusforsch. 5: 96-109. 


. Travassos, J., A. Acuir, P. pDEGoEs, M. Bruno-Logo & J. V. VASCONCELLOs. 1952-53. 


Occurrence of Coxsackie virus in Rio de Janeiro. IV. Isolation of the virus from an 
epidemic of herpangina. Anais Microbiol. 2: 101-108. 


. Woop, W., M. Crark, F. T. Samana, A. J. RHopEes, W. L. Hurron & A. L. Hutton. 


1952. Herpangina and short-term pyrexias of the summer months. Can. J. Public 
Health. 43: 491-498. 


. Fox, T. G. & A. M. Murpny. 1953. Herpangina with isolation of the virus. New 


Zealand Med. J. 52: 257-259. 


. Korrarova, F., J. Droppa & R. Brezina. 1954. A case of herpangina with virus 


isolation. Casopis Lékata Cesk{ch. 93: 1407-1411. 


. Koepre, H. & W. Ronpe. 1953. Clinical and virological studies with Coxsackie virus 


infections. Z. ges. inn. Med. u. ihre Grenzgebiete. 8: 1053-1060. 


. Pinter, M. & V. Batazs. 1954. Studies on Coxsackie virus infections.in Hungary. 


I. Isolation and identification of Coxsackie virus strains. Acta Microbiol. Hung. 2: 
161-166. 


. MitcHett, S. C. & G. Dempster. 1955. The finding of genital lesions in a case of 


Coxsackie virus infection. Can. Med. Assoc. J. 72: 117-119. 


. Scutack, H. 1953. Herpangina and herpetic stomatitis. Deut. med. Wochschr. 78: 


213-214. 


. Scurr, E. 1952. Herpangina and measles. Ann. Paediat. 178: 161-164. 
- Wess, C. H., S. G. Wotre & B. F. Howirr. 1950. Three day fever. Am. J. Diseases 


Children. 80: 245-253. 


. Fuxumi, H. & T. Yoxora. 1953. Distribution of the Coxsackie group of viruses in 


Japan. Japan J. Med. Sci. Biol. 6: 201-206. 


- Metnick, J. L., M. Watton & I. L. Myers. 1953. Isolation of a Coxsackie virus 


during a summer outbreak of acute minor illness. Public Health Repts. 68: 1178-1182. 


- Rasmussen, A. F., A. Cringe & A. F. Borcr. 1953. Coxsackie virus infections in 


Northern Wisconsin. Wisconsin Med. J. 52: 129-132. 


. SHaw, E. A. 1950, Infection of laboratory workers with Coxsackie virus. Ann. 


Internal Med. 33: 32. 


. Travassos, J. 1952-1953. Occurrence of Coxsackie virus in Rio de Janeiro. II. 


aes of virus from infants with gastroenteric disturbances. Anais Microbiol. 2: 


. Parrott, R. H. Unpublished data. 
» Winporrer, A. & M. Born. 1952. The meningitic form of Bornholm Disease. Deut. 


med. Wochschr. 77: 1012-1015. 


. SICKLES, G. M., M. Murtrerer, P. Feorino & H. Pacer. 1955. Recently classified 


types of Coxsackie virus, Group A. Behavior in ti Iture. Proc. ; 
OAS Rp ae p In tissue culture. Proc. Soc. Exptl. 


- Haset, K., R. J. Siverserc & A. SHELoKov. Isolation of enteric viruses from cases 


of aseptic meningitis. Ann. N. Y. Acad. Sci. 67(8): 223-229. 


: 
H 
} 


eS Ne 


Al ree 


_ myocarditis or Coxsackie 


DISCUSSION: PART I 


Gilbert Dalldorf, Chairman 


Division of Laboratories and Research, New York State Department 
of Health, Albany, N. Y. 


Joun F,. EnvERs (Research Division of Infectious Diseases, Children’s M edical 
Center, Boston, Mass.): Through reviews of the literature and the presentation 
of new findings, other contributors to this monograph make it clear that there 
is now good reason for accepting certain of the Coxsackie viruses as etiologic 
factors in herpangina and in a significant proportion of cases of aseptic meningi- 
tis. To these diseases we must add epidemic pleurodynia on the basis of con- 


-vincing evidence already accumulated, but that has not been recounted in 


detail in these pages. 

Suggestive evidence that still other diseases, as Parrott has indicated, may 
be caused by these agents has also been forthcoming. The most recent of such 
illnesses and, to my mind, perhaps the most important, is acute aseptic myo- 
carditis of infants. In this paper I propose to summarize very briefly observa- 
tions that strongly support the hypothesis that Coxsackie B viruses may give 
rise to this serious condition. In so doing, I shall give particular emphasis to 
the essential findings in a case of this disease that was studied by my associate, 
Sidney Kibrick and by Kurt Benirschke of the Pathology Department of the 
Children’s Hospital. These investigators have allowed me to present an 
abstract of their material in this publication. 

During the period from 1937 to 1944 in certain districts of Munich, Germany, 
so many cases of acute myocarditis occurred in young children that Stoeber,’ 
who reviewed the findings in 140 autopsies in 1952, was led to refer to the dis- 
ease as “epidemic myocarditis of infancy.” Sudden loss of appetite, vomiting, 
cyanosis, and dyspnea, together with tachycardia, were characteristic features. 
Hepatomegaly and, occasionally, splenomegaly were noted. The highest 
incidence was in children about one year of age. In fatal cases, the heart was 


dilated and sometimes hypertrophic. Histological examination in 68 patients 


revealed myocarditis of varying extent, with little or no evidence of inflamma- 


tory changes in the pericardium or endocardium. Since no association with 
pathogenic bacteria could be demonstrated, Stoeber believed that a virus might 
be responsible and suggested the possibility that either agents of the encephalo- 
groups might be involved. No definite evidence, 
however, was obtained to support the presence of members of either group. 
Not long ago, E. L. French of the Walter and Eliza Hall Institute, Royal 
Melbourne Hospital, Melbourne, Victoria, Australia visited our laboratory and 
told Kibrick of an outbreak of myocarditis that occurred in 1953 among new- 
born children in a nursery in Victoria, Australia. French has kindly permitted 
citation of his remarks. The illness, which closely resembled that described by 
Stoeber, terminated fatally in 5 instances. Examination of the heart showed 
macroscopic and microscopic changes comparable to those seen by Stoeber. 
Attempts to demonstrate Coxsackie virus by inoculation of suckling mice with 
suspensions of brain, heart muscle, and feces were unsuccessful, however. 
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In 1955 and 1956 South Africa reported outbreaks in newborn children of a 
disease which, in its clinical and pathological manifestations, is similar to, or 
identical with, that observed by Stoeber and French. Thus Montgomery 
and his associates? described an acute illness that, in 1954, occurred in 3 in- 


fants quartered in a maternity home in Southern Rhodesia. Death followed — 


in one case. From this child’s feces and those of a survivor, Coxsackie virus 
Group B Type 4 was recovered. In 1956 Javett and his co-workers’ published 
their study of 10 cases of acute myocarditis occurring in 1952 among the new- 
born of a nursery in Johannesburg, Union of South Africa. Six of the infants 
died after a rapid course. In those that survived, recovery was equally rapid. 
Histologic examination in 3 cases revealed myocarditis in all and, in one, a small 
area of the brain in which encephalitis was evident. Also, in one of the in- 
fants who survived, signs of meningoencephalitis were present. Coxsackie 
Group B Type 3 virus was obtained from the feces of one of the surviving 
children. Inoculation into suckling mice of brain suspensions from 2 of the 
fatal cases produced changes consistent with Coxsackie Group B infection, 
but the virus was not maintained in serial passages. At the end of their paper, 
however, Javett and his associates state that a Coxsackie Group B virus has 
recently been recovered from the myocardium of a similar case occurring in 
the Transvaal, Union of South Africa. 

I shall now recapitulate the more significant of the observations made by 
Kibrick and Benirschke‘ in the case of a newborn infant with myocarditis to 
which I have already referred. Their observations appear to conform in all 
essential respects to those of the other workers whom I have just mentioned, 
with one interesting exception; namely, that infection may have been trans- 
mitted from mother to child while the latter was still in utero. 

The infant was delivered by cesarean section in 1953. Two days previously, 
the mother had developed an upper-respiratory infection. Signs of placenta 
previa became evident thereafter and, in consequence, the operation was per- 
formed. The apparently normal child remained essentially well for 3 days, 
after which she became lethargic and took feedings poorly. The temperature 
rose to 100° F. Throat and blood cultures revealed no bacteria considered to 
be pathogenic. The following day the patient was afebrile. On the fifth day 
of life, fever recurred and a lumbar puncture was performed. The spinal fluid 
contained 132 white blood cells with 95 per cent mononuclears. The protein 
was moderately elevated, and the sugar was within normal limits. No bacteria 
were revealed by smear or culture. Evidence of hepatomegaly was present. 
On the sixth day her condition grew suddenly worse. The cells in the spinal 
fluid increased. Again no bacteria were found. The pulse rose to 160 and 
respirations to 60 per min. Early on the seventh day of life, death occurred. 

A suspension of the thoracic cord—the only tissue available—was inoculated 
into roller-tube cultures of human renal cells, and a cytopathogenic agent was 
demonstrated. After 3 serial passages in suckling mice, this agent produced 
changes in these animals compatible with Coxsackie B infection. Through the 
assistance of G. Dalldorf of the New York State Department of Health, Albany, 
N. Y., the virus was identified as Coxsackie Group B Type 3. 

The principal pathological changes found in this case are noteworthy, since 
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they not only provide illustrations of the cardiac lesions found by others in 
association with infection in man by Coxsackie B virus, but also afford the first 
example, as far as we are aware, of injury to the spinal cord and meninges at- 
tributable to Coxsackie viruses. The accompanying illustrations demonstrate 
the changes found in the myocardium and central nervous system as observed 
by Benirschke, whose comments on this material I shall paraphrase. Ficure 1 
shows an area of diffuse myocarditis. The infiltration consisted of polymorpho- 
nuclear leukocytes, macrophages, and occasional lymphocytes. Numerous 


- eosinophils and degenerating leukocytes were also present in such areas. De- 


generation of myocardial fibers and congestion of small vessels were seen in 
confluent areas of inflammation. The epicardium showed slight inflammatory 


cell infiltration. No organisms or inclusion bodies were seen. 


Ficure 2 shows a section of the pons that contains 2 foci of degeneration with 


_ gitter cell infiltration and a few polymorphonuclear cells. F1cuRE 3 shows the 


appearance of such a focus under higher magnification. Similar foci were seen 
"in the cerebellum; in numerous sections of the cord itself, degenerative and in- 
flammatory lesions were found in the lateral aspects of the anterior horns and 
in the reticular formations. One of these foci is illustrated in Ficure 4. In 
_ these lesions, macrophages and polymorphonuclear leukocytes replaced nor- 

mal cord substance, and occasional degenerated ganglion cells could be seen. 


The meninges revealed edema with a diffuse infiltration of macrophages and 


occasional polynuclear leukocytes. 


These changes constituted the principal findings. In addition, inflammatory 
processes were observed in sections of the pleura and in the central portions of 
the adrenal cortex. 

I shall end this imperfect outline of the present status of the problem with 


the statement that the pathological and virological data derived from this study 


and that of the South African workers, much of which I have not been able to 


~ mention, strongly support the conclusion that Coxsackie B virus is responsible 


for certain cases of acute myocarditis in infants as well as for encephalomyelitis 


and meningitis which, on occasion, may be associated with the cardiac disease.* 
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* Since this discussion was presented we have isolated, in cultures of monkey renal cells, Coxsackie virus Type 


' 4 from the myocardial tissue of an infant who died 10 days post partum with signs of cardiac failure. Histologic 


inati isti iti he existence of 
examination revealed changes characteristic of acute myocarditis. Attempts to demonstrate t : ) 
the agent in hepatic and splenic tissues by the same method were unsuccessful. These findings provide addi- 


tional direct evidence in support of the conclusion that Group B Coxsackie viruses are responsible for certain 


cases of acute myocarditis in newborn infants. 
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GILBERT DALLDORF: One observation to be drawn from this type of evidence 
is that it will probably be much easier to establish etiological relationships in 
severe illnesses than in minor ones. Robert Koch was aware of that. 


Kiaus HumMELerR (University of Pennsylvania School of Medicine, Phila-_ 
delphia, Pa.): In our laboratory we are concerned essentially with a routine 
diagnostic service. This means that we must work almost exclusively with 
sporadic cases and specimens from patients at different stages of illness that are 
sent in by physicians for laboratory diagnosis. Many of these cases concern 
the syndrome of aseptic meningitis. Clinically, it is hardly possible to make a 
specific etiologic diagnosis. 

There is no question that Coxsackie B viruses may cause this syndrome. 
Since our first report on the isolation of a Coxsackie B virus from the spinal fluid, 
we have obtained such agents from the spinal fluids of 6 more patients, com- 
prising the whole group except BS. 

Isolation and identification procedures are often time consuming. Further- 
more, specimens of spinal fluid are often taken too late in the disease, or the 
specimens are submitted under such unsatisfactory conditions that their value 
is questionable. Finally, during the last year, specimens from over 2000 cases 
with involvement of the central nervous system (CNS) were referred to us for 
differential laboratory diagnosis. If one would attempt virus isolation in each 
case and, I may add here, neutralization tests with the patients’ sera, the load 
of work would become difficult to manage. In order to cope with the number 
of patients, it would be essential to have simpler tests, such as the complement- 
fixation (CF) reaction, particularly when it offers a ‘‘group” instead of a ‘‘type”’ 
diagnosis. The availability of CF tests should not prevent attempts at virus 
isolation if appropriate specimens are submitted. 

For the serodiagnosis of Coxsackie B infections recently we have been using 
an antigen prepared from infected suckling mice. We found that antigens of 
one member of the B group will give cross reactions with antisera against all 
heterologous strains, be they derived from hamsters, guinea pigs, or patients. 
At the same time, we have tried to prepare CF antigens in tissue culture. This 
has been achieved thus far with 3 strains but, surprisingly enough, they appear 
to be strictly type specific. The B group antigen did not cross-react with 
hamster or guinea pig sera against several members of the Coxsackie A group, 
nor with the sera against other viruses causing CNS involvement. 

Our experience with the B antigen goes back now 7 or 8 months. Since that 
time we have studied each case of aseptic meningitis for serological responses to 
Coxsackie B, mumps, lymphocytic choriomeningitis (LCM), herpes simplex 
and encephalomyocarditis (EMC) CF antigens, and to poliomyelitis by either 
CF or neutralization tests. Of all the patients, only 120 fulfilled the criteria 
set; that is, they presented nuchal rigidity, fever, headache, and a moderate 
number of cells in the spinal fluid. Of these 120 cases, 78 remained obscure, 
10 were diagnosed as Coxsackie B, 13 as mumps, 8 as LCM, 2 as herpes sim- 
plex, and 9 as poliomyelitis. In some of these cases the serological results were 
confirmed by isolation of the corresponding viruses from the spinal fluid or 
feces. Thus an etiologic diagnosis has been established, or at least strongly 
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supported, in 35 per cent of the cases. Inclusion of tests for ECHO viruses in 
the future may raise this figure. It also should be mentioned that 2 as yet 
unidentified viruses were isolated from spinal fluids of patients; these viruses 
were not identical and were not neutralized by sera against 12 of the ECHO 
viruses. It remains to be determined to what extent these 2 may play a role 
in aseptic meningitis. 

The cases of Coxsackie B meningitis revealed generally low cell counts in the 
spinal fluids. None had more than 120 cells. This, of course, may depend 
upon the time the tap was made. 

As mentioned, the CF antigens made from infected mice appear to contain 
group specific components, whereas those derived from tissue culture seemed to 
be entirely type specific. This may point to 2 distinct CF antigens. Efforts 


to separate them by differential centrifugation have failed thus far. It will be 


of interest to determine whether antibodies to group and type-specific antigens 
develop differentially in time. If so, this may aid in early serodiagnosis, as has 
been the experience with mumps-soluble and virus antigens. 


Arex J. Stercman (Kentucky Child Health Foundation Laboratory, Depart- 


ment of Pediatrics, University of Louisville, Louisville, Ky.): These papers on 
- the current view of the role of the Coxsackie viruses in human disease are most 


interesting and impressive. It is refreshing to note the absence of that authori- 


~ tarianism which, a few years ago, virtually dismissed from the field of neurologic 


disease these viruses as “common fellow travelers.”” The evidence relating the 
Group B Coxsackie viruses to infection of the human central nervous system 
seems altogether clear. Indeed, it appears that not all Group A strains are 
willing to confine their assaults to the oropharynx. 

I should like to make a few surmises regarding the neuropathic properties of 


~ these Group B Coxsackie viruses, first as regards the question, “Can these 


agents be expected to cause more neuronal damage than is implied in the term 
‘benign aseptic meningitis syndrome’? Although current evidence is slight, 
I suspect the answer to this question will become affirmative. The isolation 
in my laboratory of what was designated by Dalldorf and Sickles as the pro- 
totype for Coxsackie B5' concerned 2 brothers aged 3 and 6, seen in the midst 


of a large predominantly Type I poliomyelitis epidemic in Louisville, Ky., in 


1952. One boy had a trivial illness with mild nuchal rigidity, the other suffered 


mild paresis of the right deltoid and of the abdominal musculature, with residual 
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mild atrophy still present 15 months later. It had been assumed clinically that 


both children had suffered from the prevailing Type 1 poliovirus infection, 


especially since one of them was paretic. Repeated attempts to demonstrate 
poliovirus with successive refinements in tissue-culture techniques failed, how- 
ever, nor was alteration in the poliomyelitis antibody titers of these patients 
observed. Nevertheless, a striking rise in neutralizing antibody to the virus 
that was to become the prototype of Coxsackie B, Type 5, was observed. Since 
this particular serogroup has as yet been seldom isolated, obviously more data 
are required. Important evidence of an association between nervous system 
disease with sequelae and the Group B Coxsackie viruses is Stanley’s report? of 
an epidemic of encephalitis in Australia, already referred to by Rhodes and 
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Beale elsewhere in these pages. Furthermore, the findings in a rhesus monkey, 
which I shall describe, reveal the occurrence of serious neuronal destruction 
due to a strain of B2 Coxsackie virus. 

In March 1949, Sabin and Steigman? described, as follows, the neuropathol- 


ogy of a rhesus monkey in extremis 7 days after inoculation with human stools. 


“Histological examination revealed acute poliomyelitic lesions in the medulla, 
midbrain, thalamus and olfactory bulbs, but not in spinal cord. In the medulla 
there was almost complete bilateral destruction of the dorsal motor nuclei of 
the vagus, with acute necrosis of the nerve cells.” These authors emphasized 
the point that the lesions were poliomyelitic, not only in nature but in distribu- 
tion. This monkey’s nervous tissue has since been studied extensively in vitro, 
and it has been shown to be infected with Coxsackie B2 virus only. Attempts 
to implicate a dual infection, that is, poliovirus and the Coxsackie B2 in that 
animal, have also included the sensitive method for residual poliovirus anti- 
gen‘ of incorporating its CNS tissue in Freund’s adjuvants as an immunizing 
agent. Animal sera so prepared in this case reveal only Coxsackie B2 anti- 
body. 

The speakers have alluded to viruses other than Coxsackie in relation to 
benign acute aseptic meningitis; namely, the ECHO group. Whether any of 
these will ever be shown capable of inducing more serious disease, including 
neuronal damage simulating paralytic poliomyelitis, remains to be learned. 
I should speculate that these agents may not confine their ravages to the men- 
inges in every instance. Thus from the CNS of a fatal case of clinically and 
histologically typical bulborespiratory poliomyelitis was isolated a virus® sub- 
sequently classifiable as ECHO Type 2. Here again, attempts to implicate a 
dual virus infection have included the method for residual poliovirus antigen‘ 
of incorporating the patient’s CNS tissue in Freund’s adjuvants. Animals so 
immunized reveal only ECHO Type 2 antibody. 

Thomas Henry Huxley said, “It is the customary fate of new truths to begin 
as heresies and to end as superstitions.” The work presented in this section 
of this monograph has clearly moved forward the truth about the neuropathic 
properties of ECHO and Coxsackie viruses from its recent position of “heresy.” 
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A. B. Sabin (University of Cincinnati College of Medicine, Cincinnati, Ohio): 
Dalldorf’s paper raises the important question of what is to be called a Cox- 
sackie virus. Is any virus that is pathogenic for suckling mice and not for 


ss 


. STANLEY, N. F. 1953. Coxsackie virus infections in Australia with special reference to 
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adult mice necessarily a Coxsackie virus? By this definition, should the Sind- 


bis virus or the naturally occurring Pappataci and dengue fever viruses be 
included in the Coxsackie group? Should they be excluded on the basis that 
they are not inhabitants of the enteric tract under natural conditions, or that 
they are not of the very small size recorded for the established members of the 
Coxsackie group that have been measured? 

This issue is brought into focus acutely by Dalldorf’s very interesting observa- 


- tions on the ECHO Type 10 virus, originally designated HE 4, a serologic type 
_ represented by several strains isolated from healthy children in Cincinnati, 


Ohio, and in Mexico. To begin with, it should be stated that tests carried out 
by Ramos-Alvarez in my laboratory show that the original Cincinnati virus, 
which is not pathogenic for newborn mice, and the mouse-adapted virus ob- 
tained by Dalldorf from the later cultures that we sent him are serologically 


identical. After Dalldorf informed us of his findings, Ramos-Alvarez tested 


many passage levels of our ECHO Type 10 virus and found that it was not an 
- easy matter to obtain adaptation of this strain to newborn mice even when very 


_ high-titered tissue cultures of various passage levels are used. Either no mice 
- become sick, or a second passage from the few that become sick may be very 
- difficult. However, Ramos-Alvarez has confirmed Dalldorf’s observation that 


it is possible to select an antigenically identical variant that is pathogenic for 


newborn mice. My own observations on the pathology produced by this 


variant indicate that the most striking lesion is in the liver which, in some mice, 
- may undergo extensive necrosis although, occasionally, significant lesions are 


also found in the cardiac muscle, with only minimal lesions in the striated mus- 
cles, brown fat, and central nervous system. 
During the course of our work we have found that there is actually a family 


of viruses that exhibits the same type of cytopathogenic change as well as the 


other unique properties of the original ECHO Type 10 virus and which are 


antigenically related, but not identical. In this category belongs the “rhinitis 


virus” that I recovered from chimpanzees and the virus that was associated. 
with a family outbreak of “steatorrheic enteritis.” Gradocol membrane filtra- 
tion tests that I performed on the original ECHO Type 10 virus and the 2 anti- 
genically related strains just mentioned yielded a range in size of 60 to 90 mu 


for all of them. The antigenically related strains were also not pathogenic 


for newborn mice in the original tests. This size range is very much larger 
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than the approximately 10 my reported for those members of the Coxsackie 


" group that have been measured similarly, although, as Dalldorf has indicated, 


not all of them have been measured. In the past, viruses belonging to the same 
genus or group were in the same range of size. However, it is not usual for 


_ species of the relative sizes of an elephant and a mouse to belong to the same 


genus. The point of these remarks is that we need more specific criteria for 
the inclusion of a virus in the Coxsackie group unless the Coxsackie group shall, 
for the present at least, be regarded as being as heterogeneous as the ECHO 
group. These 2 groups of viruses seem to have more in common than the 
fact that they are both commonly found in the enteric tract. Some, but not 
all, of the Coxsackie viruses share with the ECHO group the property of being 
cytopathogenic for the usual tissue cultures, while the ECHO viruses have been 
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defined arbitrarily as lacking the property of pathogenicity for newborn mice. 
Accordingly, it is interesting, but not surprising, to find that among the hetero- 
geneous ECHO group there may be variants that are pathogenic for suckling 
mice, just as in the Coxsackie group there are variants that originally are not 
pathogenic for newborn mice, but are cytopathogenic in tissue culture. It is ~ 
also of interest to note that most of the ECHO viruses that have been measured, 
including the other Cincinnati types, are of the same small size as the Coxsackie 
viruses. 

With reference to the Coxsackie viruses A9 and the 5 B’s, to which Dalldorf 
has referred as producing a cytopathogenic effect in monkey-kidney tissue cul- 
tures (the optimum medium for the ECHO group), Ramos-Alvarez isolated 
directly in monkey kidney a suckling mouse pathogenic strain that is serologi- 
cally related to or identical with Coxsackie A14, as well as 4 other strains readily 
pathogenic for suckling mice, but not related to Coxsackie A7, A9, Al1, A13, 
A14 and A15 or to Coxsackie B1 to BS. 

With reference to the etiological association of a whole variety of viruses, in- 
cluding certain members of the Coxsackie and ECHO groups, with the undif- 
ferentiated clinical syndrome of aseptic meningitis, I think that it would be 
most helpful to analyze past and future data in relation to the seasons of the 
year as well as in relation to other clinical syndromes that may be prevalent at 
the same time. Furthermore, simultaneous controls are needed just as much 
in the study of the etiological role of certain viruses in the aseptic meningitis 
syndrome as in the study of any other undifferentiated syndrome of potentially 
multiple etiology. 

With reference to Parrott’s report suggesting that Coxsackie viruses isolated 
from hospitalized patients may represent hospital infections rather than etio- 
logical agents associated with the condition for which they were admitted, I 
should like to say that, while the possibility must, of course, be granted, this 
conclusion cannot be based only on the qualitative finding of ‘‘no virus” in a 
rectal swab obtained on admission, followed by a positive isolation later on. 
If the amount of virus excreted at the time of admission is already very small, 
one would expect to find a proportion of patients with “negative rectal swabs” 
on admission and positive ones later on. Quantitative tests on the amount of 
baer. in the subsequent “positive rectal swabs” may be helpful in reaching a 

ecision. 


GILBERT Datiporr: I agree with Doctor Sabin that the question of the size 
of ECHO 10 is critical. I should like to add that at times we have had con- 
spicuous difficulty in measuring the Group B virus. 


JosepH MELNIcK (Yale University School of Medicine, New Haven, Conn.): 
I should like to discuss the distribution of about 500 strains of enteric viruses 
that have been isolated in monkey-kidney tissue cultures in our laboratory. 

Two population groups were compared: (1) a healthy group of young children 
and (2) a group of patients that had been hospitalized for poliomyelitis and 
aseptic meningitis. Poliovirus isolations were common in both of these groups. 
ECHO viruses 1, 10, 12, and 13 were not found at all. ECHO viruses 7 and 8 
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were isolated 21 times from the healthy group, but only once was any one of 
these viruses found in the hospitalized group; this was ECHO 7, and it was 
found in a patient with aseptic meningitis. ECHO viruses 3, 4, 5, and 9 were 
isolated in both groups at about the same frequency. ECHO 6 was isolated 
from 26 patients with aseptic meningitis, but only once in the healthy group. 
ECHO 2 was isolated from 2 patients and ECHO 14 from 3 others, all of whom 


had aseptic meningitis, but it was not encountered in the healthy group. A 


number of ECHO strains fell outside the 14 known types and remain to be 
classified as to the new prototypes among them. Coxsackie viruses A9 and B1, 
B2, B3, B4, and B5 were isolated both from the healthy group and from the 
hospitalized group. 

Of particular importance and interest is the association of Coxsackie A9 with 
aseptic meningitis. This association was detected by Matilda Benyesh and 


_ David Davis at Yale. This virus has been isolated from 7 patients with 


_ aseptic meningitis. Two of these patients yielded this virus from their cerebro- 
- spinal fluid, and none of them demonstrated the rises in antibody indicative of 


simultaneous infection with poliovirus. 


I should like to comment upon Parrott’s paper relative to the simultaneous 
infection of patients with 2 viruses and the possibility that the second infection 


- might be acquired upon entry into the hospital. While such a superinfection 


might occur at times, this cannot explain all the cases of simultaneous infection 


~ that have been observed. Dual ‘infections also may occur naturally. For 


example, I have data on some patients who already had antibodies in low 
titer to poliovirus 1 and Coxsackie Al on the day of their hospitalization, indi- 
cating that the infections had been initiated before the patients entered the 
hospital. Their antibody levels increased for both of these agents in the course 


of the next 3 weeks. 
I should like to make reference also to some recent data obtained by M. 


_ Benyesh and N. Goldblum at the Virus Laboratory, Ministry of Health, Jeru- 


salem, Israel. These investigators have been studying the possible relation of 


the Coxsackie viruses to cases of aseptic meningitis in that country. They 


isolated 10 Coxsackie viruses from the spinal fluid of as many patients. Five 


of these were typical cases of aseptic meningitis, but the other 5 were not. 


One of them had fever of unknown origin; another had severe chronic pneu- 
monia; a third had encephalitis; and the last 2 had brain tumors. The question 
must be raised as to whether the finding of virus in the spinal fluid always im- 


 plicates the virus as the etiological agent of the disease. In severe diseases 


the blood-brain barrier might be lowered to such an extent that the virus might 
be present in the spinal fluid merely as an incidental finding. The 2 patients 


- with brain tumors are of particular interest. Did the Coxsackie virus, which 


has an affinity for newborn tissue, find young cells in the brain tumor in which 
it could multiply? 
Girpert DatiporF: In closing this discussion, I should like to thank all of 


those who participated. I should also like to say that we seem to have ad- 
vanced a long way toward our goal of understanding these viruses. I have 
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been impressed by the diversity of the evidence and by the extent of the knowl- 
edge that has been acquired by quite different methods. The points of view 
in most of these studies have varied greatly, but each one has added to the sum 
of our knowledge. 

It has taken a long time to accumulate this knowledge of the Coxsackie vi- 
ruses, and it may require as much to do as well with the ECHO viruses. How-. 
ever, when we consider how rewarding this knowledge should be, we should not — 
be discouraged by the time factor. 


Part II. New Respiratory and Ocular Viruses 


DEFINITION AND OUTLINE OF CONTEMPORARY INFORMATION 
ON THE ADENOVIRUS GROUP 


By Wallace P. Rowe, Robert J. Huebner, and Joseph A. Bell 


National Institutes of Health, Public Health Service, Department 
of Health, Education, and Welfare, Bethesda, Md. 


This report reviews briefly the current knowledge of the adenoidal-pharyn- 


~ geal-conjunctival (APC) viruses, recently renamed the adenovirus group,! with 


ant 


particular reference to their relation to human disease.” 
The adenoviruses are defined as a group of serologically distinct viruses shar- 


ing the same soluble complement-fixing antigens and having the common 


properties of ether resistance, apathogenicity for laboratory animals, and char- 
acteristic cytopathogenicity for human and simian epithelium.’ Virus in cul- 


ture fluids is 80 to 120 my in diameter, whereas intracellular virus, which is 
- found in the nuclei in ‘“‘crystalline-like” patterns, measures 50 to 65 myp.>* = All 
~ adenoviruses tested, with the exception of Type 4, are highly stable, withstand- 
ing room temperature for 3 weeks with no apparent decrease in infectivity. 


While adenoviruses have been propagated in a variety of tissues, HeLa cell cul- 


tures provide the most sensitive and practical tissue for virus isolation. Growth 
~ of these viruses in HeLa cells is accompanied by an acid reaction of the culture 


fluids, in contrast to the production of an alkaline reaction in monkey-kidney 


and human-embryonic cultures. An important laboratory characteristic is the 


marked effect of dilution on the incubation period of cytopathogenic effects, 
in HeLa cells, each half-log dilution of virus generally produces a 1-day pro- 


‘longation of the incubation period. This effect has obvious implications on 


designing sensitive virus isolation and titration procedures. Both monkey- 


- kidney and HeLa cell cultures are suitable for neutralization tests, and the 


KB” cell is the most satisfactory tissue for the production of high-titer virus 


and complement-fixing antigens. 
Complement-fixing antibody responses to viruses of the adenovirus group 


are group-specific, while neutralizing antibody responses are generally type- 
 specific.2 4 The broad, nontype-specific, complement-fixing antibody response 


of infected humans provides the most definitive method for including a virus 
in the adenovirus group. Inclusion of a virus in the group is based primarily 


on the demonstration that the virus, when used as antigen in the complement- 


- fixation test, will detect antibody rises in paired sera of humans infected with 
other adenovirus serotypes. Serotypes within the group are classified by re- 


ciprocal neutralization tests with rabbit antisera. The group is known to con- 
sist of at least 16 serotypes, of which 13 are isolated from human sources and 
3 from simian sources.* 

Adenoviruses have been isolated in North America, Western Europe, Russia, 
and Arabia. Complement-fixing antibodies to the adenovirus group antigen 


are prevalent not only in human sera, but also in chimpanzees, rhesus monkeys, 
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TABLE 1 
ISOLATIONS OF ADENOVIRUSES OBTAINED AT THE NATIONAL INSTITUTES OF HEALTH 


a 


Serotypes 
Source Other | Not typed Total 
1 "4 3 4 5 6 
Adenoid and tonsil tissue cul- 
fared Lg crs aie, RT 30 | 20 oo) S2a aa 56 123 
“Tilness'surveys..- > chon eee 18 | 39 | 266 | 38 | 12} 1 8 14 396 
Monkeys seach sqnnc sonnets 3 
Total een iene tac 48 | 59 | 269 | 40 | 23 | 2 11 70 522 


and at least one stock of guinea pigs. Surveys of neutralizing antibodies have 
indicated that human infections with many adenoviruses are highly prevalent. 
Antibodies to Types 1 and 2 were present in the majority of young children, 
and antibodies to Types 3, 4, 5, 6, and 7 were found in the majority of adult 
sera. Five hundred and twenty-two strains of adenoviruses have been isolated 
at the National Institutes of Health; TABLE 1 gives the distribution of the types 
recovered. 

Adenoviruses were found in the majority of surgically removed adenoids and 
tonsils of children;*: ° 91 per cent (61 of 67) of the viruses so recovered and 
typed were Types 1, 2, or 5, but strains of Types 3, 4, and 6 likewise have been 
recovered. 

Type 3 has been associated with a distinct clinical entity, pharyngoconjunc- 
tival fever, which is an acute illness commonly characterized by fever, pharyn- — 
gitis, conjunctivitis, malaise, and cervical lymphadenopathy.!°- Epidemio- 
logical and volunteer studies have demonstrated the following concerning the 
relation of Type 3 to this disease: 

(1) The virus has been recovered from outbreaks of the same illness in many 
different parts of the United States over a period of several years. 

(2) The virus was recovered only from cases and not from adequately ex- 
posed asymptomatic contacts. 
(3) There was no association of infection with illnesses of other etiology. 

(4) The virus was found almost exclusively during the acute febrile period 
and seldom before onset or after recovery. 

(5) The virus was recovered predominantly from the sites of pathology. 

(6) The illness was followed by an antibody response to the virus. 

(7) The virus grown in tissue culture reproduced the disease in susceptible 
volunteers, and the virus again recovered in culture. 

(8) In volunteers having natural or vaccine-induced neutralizing antibodies, 
infection and illness seldom occurred.!®: 3) 14 

Thus it is clearly established that Type 3 is the cause of pharyngoconjunc- 
tival fever. Type 3 also has been recovered from sporadic cases of simple ca- 
tarrhal conjunctivitis, nonbacterial pharyngitis,!® and from cases of acute un- 
differentiated febrile respiratory disease (ARD) in military recruits.!® 17 

Type 4 was the first adenovirus to be associated with clinical illness when 
Hilleman e/ a/.'® recovered the RI-67 virus from cases of acute respiratory dis- 
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TAG EB 2 


TsoLATIONS oF TyprE 4 ApnENovirus (RI-67) AND CF Antipopy Rises TO ADENOVIRUS 


Group ANTIGEN AMONG NAvy RECRUITS 


————— 


Total evidence of 


Clinical classification Virus isolation CF antibody rise : . 
adenovirus infection 


Nonstreptococcal, noninfluenzal, febrile 


respiratory illness..........-....-- 23/112 (21%) | 26/104 (25%) | 30/121 (25 
Other respiratory alINeSSMe ek eal 15/407 (4%) 33/411 thes ae ke 
_ Nonrespiratory RIIRESS Heine eres 0/179 (0%) 8/173 (5%) 8/196 (4%) 


* Adapted from Rowe é¢ al.*8 


ease (ARD) and pneumonitis in recruits. Serological and virus recovery stud- 
ies by Hilleman ef al.,!°: ?° Ginsberg et al.,”" Berge et al.,46 Woolridge et al.,”? and 


- others have shown that infections with Type 4 were associated with febrile 
 illnésses among military recruits during the 1940s, and throughout the United 
_ States in every year since 1952. Recent collaborative studies with the Naval 

Medical Research Unit No. 4, Great Lakes Naval Training Station, Waukegan, 
Ill, under J. R. Seal, have provided additional epidemiological evidence that 


ak 


“this association did not represent a chance connection of a prevalent virus 
with a prevalent illness.27 The frequencies of virus isolations and serological 


responses in recruits. with undifferentiated febrile respiratory illnesses were 


~ compared with those in other types of acute respiratory illnesses and in per- 
sons reporting to the dispensary for complaints other than acute respiratory 
- infections. The results are summarized in TABLE 2. Isolations of Type 4 


virus and serological responses to the adenovirus group antigen were highest 


in cases of nonstreptococcal, noninfluenzal, febrile respiratory illness, signifi- 


DN aia eta ee 


cantly lower in other types of febrile and afebrile respiratory illness, and low- 


est in the nonrespiratory group. TABLE 3 shows that, in persons with sero- 
— logical evidence of infection with Type 4, the appearance of virus in the nasal 


secretions occurred predominantly during the acute phase of illness; it should 
~ be noted that all isolations were made within the first 5 days after onset and 


ce ., 


eh ite men 2S ae, Peet SOE Se ae, 


not before onset or after recovery from illness. 
Additional evidence for considering Type 4 as the cause of illness was pro- 


vided by the demonstration of Ward et al. that Type 4 grown in tissue cul- 
~ ture induced conjunctivitis associated with systemic illness after swabbing onto 
the conjunctiva of susceptible volunteers. 


Types 3 and 7 have also been isolated repeatedly from febrile respiratory 


TaBLE 3* 


_ Recovery OF TYPE 4 ADENOVIRUS FROM 49 PERSONS WITH SEROLOGICAL EVIDENCE OF 


Type 4 INFECTION, ACCORDING TO TIME OF COLLECTION OF SPECIMEN 


After onset (days) 


_ Before onset (2 to 58 days) 


0-1 2-4 5-8 16-37 
aero 
0/9 14/16 21/28 0/4 0/4 
0% 88% 75% 0% 


* Adapted from Rowe é al28 
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illnesses in military recruits in several different camps.'* 7 Type 7 has also 
been shown to produce conjunctivitis and systemic symptoms in volun-— 
teers.”4 

Thus it appears established that certain adenoviruses are etiologic agents of 
a substantial proportion of cases of ARD in military recruits. However, an-— 
other large proportion of cases of typical ARD shows no evidence of infection 
with adenoviruses, and its etiology remains unknown. It is striking that 
Types 4 and 7, the 2 adenoviruses most commonly found in recruit populations, 
have never been isolated from illnesses in general civilian populations in the 
United States. Whether this discrepancy is real or reflects only the lack of 
sampling of respiratory illness in civilian adults is not yet clear. The preva- 
lence of antibodies to Types 4 and 7 in the sera of adults with no military ex- 
perience, but not in children, indicates that these viruses have occurred at 
some time in the past in civilian populations. 

In contrast to Types 4 and 7, which have been found only in adults, and to 
Type 3, which has been found in all age groups, infections with Types 1, 2 and, 
perhaps 5, appear to occur chiefly in infants and young children. To date we 
have recovered these viruses from 69 throat or anal swabs from 59 persons, 
mostly in surveys of pediatric populations. Forty-eight (81 per cent) of the 
59 persons were less than 4 years of age, and 7 (12 per cent) were 4 to 10 years 
of age. 

It is very difficult to determine host-parasite-disease relationships of endemic 
clinically undifferentiated illnesses in infants and endemically occurring preva- 
lent viruses. The great frequency of febrile illnesses, the multiplicity of agents 
infecting infants, and the difficulty of defining minor illnesses in infants com- 
plicate the demonstration of a clear-cut correlation or lack of correlation of 
virus with illness. The results of observations of ill children and preliminary 
results of controlled studies have provided some information that is compatible 
with the hypothesis that primary infection with Types 1, 2, and 5 often results 
in febrile respiratory illness. Workers in other laboratories have recovered 
Types 2 and 5 from cases of nonbacterial pharyngitis,!*: 2° and Henle isolated 
Type 1 from the lung of an infant dying of a viral-type pneumonia.2* Of the 
59 infections with Types 1, 2, and 5 that we have observed, 46 (78 per cent) 
were temporally associated with known illnesses, in almost all cases febrile 
pharyngitis-tonsillitis or febrile coryza. Otitis, bronchitis, and cervical lymph- 
adenopathy were frequently present. and pneumonitis was present in a few 
cases. These 59 isolations generally represented acute infections, since 21 of 
23 paired sera tested showed a neutralizing antibody response to the virus type 
recovered, and almost invariably the pre-illness or acute-phase serum had no 
detectable antibody. In this connection it is important to point out that per- 
sons with persistent virus in the adenoids or tonsils have, in their sera, neu- 
tralizing antibody to the virus present; thus it is unlikely that the isolations 
represented activation of persistent virus. 

TaBLE 4 presents data concerning the association of Type 2 with febrile re- 
spiratory illness. During the 5-week period from October 30 to December o, 
1955, all of the approximately 50 children in the nursery of a foundling home 
were tested each Tuesday or Wednesday for the presence of adenovirus in throat 
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TABLE 4 


ASSOCIATION OF TypE 2 ADENOVIRUS WITH FEBRILE RESPIRATORY ILLNESS, COMPUTED 
FROM PERSON-WEEKS POSITIVE FOR ILLNESS AND IniTIAL ISOLATION OF VIRUS 


Persons positive for Type 2/person-weeks at risk* 


No known febrile 
respiratory illness pt 
during week 


Febrile respiratory 
illness during week 


MmhirOat SWADS sik csc. - cua ses ee a Cee 4/33 (12.1%) | 5/138 (3.6%) | 0.05 
Bei swebeieahe tA Je neppee a sews os 2/28 (7:1%) | 5/116 (4.3%) | 0.27 
Mhroat-and /or‘anal swabs... 0). .j.006 6.0.5 ae 5/35 (14.3%) | 9/143 (5.6%) | 0.08 


* Persons once positive were not considered at risk during the remainder of study period. 
; Probability as determined by the factorial method. 


and anal swabs. Twenty-three isolations of Type 2 were obtained from 14 chil- 
dren. For each of the 5 weeks, children were tabulated according to whether 


they were known to have had an acute febrile respiratory illness during that 


_ week, and whether or not they had virus isolation of Type 2 during the same 


period. In TABLE 4, only the initial isolation of Type 2 per person is included; 


_ if a child had Type 2 in the throat or stool in one week he was excluded from 


the calculations for all subsequent weeks. TABLE 4 presents the sum of the 
5 person-weeks experiences. Although Type 2 was isolated from throat or 


~ anal swabs of some children with no apparent illness, there was a highly sug- 


gestive correlation of the presence of Type 2 in the throat swab and the occur- 


rence of febrile respiratory illness during the same week; the presence of virus 


in anal swabs was not definitely associated with illness. 
While the evidence obtained to date is compatible with a hypothesis that 
Types 1, 2, and 5 are etiologic agents of respiratory disease, the data are neither 


" sufficiently extensive nor complete to exclude alternative interpretations such 


as fortuitous association of prevalent viruses with prevalent illnesses or activa- 


tion of persistent viruses by other infections. It is important, perhaps, that 


eh ae a ad 


PA RRS Te 


~ inoculation of Types 1 and 5 onto the conjunctiva of susceptible volunteers 


produced illness identical to that produced by Types 3, 4, and 7; Type 2 and 
the other serotypes have not yet been tested by the conjunctival route in volun- 


> teers. 


The other human adenovirus serotypes, that is, Types 6, 8 through 12, and 
D.C., have been isolated only on 1 to 3 occasions, chiefly in relation to acute 
ocular infections or in the course of stool surveys for poliomyelitis viruses.®: 77-9 
Since the relation of Types 6 and 8 to ocular disease are discussed fully by 
Ernest Jawetz elsewhere in these pages, they will not be considered further here. 


Summary 


Certain serotypes of the adenovirus group have been incriminated as the 


etiologic agents of several types of respiratory-tract and ocular infections. Types 


3 and 4 are well established as pathogenic, causing pharyngoconjunctival fever 
and ARD respectively. Types 1, 2, and 5 have been associated repeatedly 
with acute febrile infections of the upper respiratory tract, chiefly in infants, 
but further evidence is needed to establish whether these viruses are etiologi- 
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cally responsible for these illnesses. Types 6 and 10 have been recovered from 
1 or 2 cases of conjunctivitis, and Type 8 has been associated with epidemic 
keratoconjunctivitis. Several serotypes remain to be studied with regard to 
their possible role in human disease. 
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EPIDEMIOLOGY OF ADENOVIRUS* RESPIRATORY INFECTIONS 
IN MILITARY RECRUIT POPULATIONS 


By M. R. Hilleman 


Department of Respiratory Diseases, Walter Reed Army 
Institute of Research, Washington, D. C. 


The common respiratory diseases are a most important medical cause of 
noneffectiveness among personnel in the armed forces of the United States. 
The greatest impact of these illnesses upon military populations has been during 
periods of mobilization for war. This was amply illustrated? during the period 
of American participation in World War II, 1942 to 1945, when over 4 million 
admissions to hospitals for common respiratory diseases were recorded by the 
Army of the United States alone. 

During World War II, the Commission on Acute Respiratory Diseases, 
Armed Forces Epidemiological Board, Washington, D. C., conducted intensive 
investigations of etiology, clinical classification, epidemiology, and methods for 
the prevention and control of the common respiratory illnesses of soldiers. The 
commission*-> recognized at least 3 distinct clinical syndromes among military 
patients during epidemics of ‘‘grippelike” illness resembling febrile catarrh.® 
These conditions were undifferentiated acute respiratory disease (ARD), non- 
streptococcal exudative pharyngitis, and primary atypical pneumonia (PAP). 
All of them showed the distinct etiology of ARD, PAP (associated with the 
development of cold agglutinins), and the common cold. These findings were 
based on the results of transmission experiments,’ * conducted in human vol- 
unteers, that employed filtered throat washings from patients. In further 
epidemiological investigations it was shown?:‘: 5: ° that, during the winter 
months, epidemics of ARD occurred in recruits, but not in “seasoned”? men, 
and that immunity seemed to follow this infection. 

In the course of the past decade, numerous attempts have been made to re- 
cover the etiological agent of ARD by the use of the common laboratory ani- 
mals and embryonated eggs, but these attempts have been unsuccessful. How- 
ever, during 1953 the problem of respiratory illness was attacked by using 
human-cell tissue culture. This approach resulted in the discovery, independ- 
ently, by Rowe ef al.!° and by Hilleman and Werner," of a new family of viruses 
that inhabits the respiratory tract of man. The agents, adenoid degenerative 
(AD) originally recovered by Rowe ef al.,° occurred as “masked” viruses in 
human adenoidal tissue that was being cultivated in tissue culture. The 
viruses originally isolated by Hilleman and Werner" and Hilleman, Werner, 
and Stewart,” that included types now designated as 3, 4, and 7, were recov- 
ered from throat washings of patients with undifferentiated acute respiratory 
disease (ARD) or primary atypical pneumonia (PAP) in an epidemic of acute 
respiratory illness among recruits in a military camp. The prototype strain 
RI-67 and other closely related strains were shown, by serological methods," 
to be the etiological agents of these illnesses in the recruits. Subsequently, 


* Formerly known as RI, APC, or ARD agents, but named “‘ 


. ane adenovirus” si : 
submitted for publication.1 s”’ since the present manuscript was 
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Dingle et al.,"» “ by testing acute- and convalescent-phase sera of cases of ARD 


that occurred among American recruits in World War II, showed that the 


RL67 virus was etiologically related to the strains implicated in ARD. 
Huebner ef al.!®: 16 have proposed the name adenoidal-pharyngeal-conjunc- 
tival (APC) viruses for agents of this group, while Hilleman e¢ al.!!) ?." refer 
to the viruses as the RI (respiratory illness) family, and Ginsberg et al.’ ' 
refer to certain strains as ARD viruses. Viruses of the family have been 
found to cause not only ARD and PAP, but the syndromes of nonstreptococcal 
exudative pharyngitis,”: !° pharyngoconjunctival fever,'*: *° keratoconjunctivi- 
tis,2! and mesenteric lymphadenitis,” as well. It has been shown by Huebner 
et al.1® 16,20 and others!?: 2! 24 that there are at least 11 distinct serotypes of 
virus in this family of agents. These serotypes are readily distinguishable 
by the serum-neutralization technique that employs monotypic rabbit anti- 
sera. All the viruses of the family elaborate a common group-specific ‘“‘soluble” 
antigen! 15. 16, 25,26 that is active in the complement-fixation test. The dis- 


~ covery of these new viruses, together with the development of laboratory pro- 
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cedures for virus recovery!" and for quantitative assay of neutralizing and 
complement-fixing antibody, have made possible epidemiological investiga- 


tions of RI virus infections on a specific etiological basis. Such investigations 
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Ficure 1. Hospital-admission rates for “total respiratory disease” at Fort Dix, N. J., 
from September 1953 through December 1954. 


264 Annals New York Academy of Sciences 


have been carried out by our laboratory during the past 3 years in epidemics 
of acute respiratory. illness in United States military personnel. It is the 
purpose of this report to review certain of the more prominent epidemiological 
characteristics of RI virus infections and disease in these groups. 

The epidemic pattern of acute respiratory illness in military recruit camps ~ 
of northern climates characteristically shows a high incidence during the winter, 
contrasting with a comparatively low occurrence in summer. This pattern 
is exemplified in the curve of the epidemic of 1953-1954 at Fort Dix, N. J., il- 
lustrated in FIGURE 1. During this period there was little or no epidemic in- 
fluenza, and the majority of the cases was shown to be of RI virus etiology.” 
Following a low incidence in September, when the hospital-admission rate 
was less than 100 per 1000 of the average garrison strength per year, there 
was a steady increase in cases to a peak during February and March. After 
this, the rate decreased gradually to a low level that was maintained from July 
through October before increasing again. The occurrence of the epidemic 
disease over the greater part of the year was not the result of a gradual and 
simultaneous infection of the total recruit population on the post, as might be 
expected from casual observation of the epidemic curve. On the contrary, the 
over-all occurrence was the summation of a series of outbreaks in the indi- 
vidual training companies that was maintained by the continuous introduction 
of new troops into the camp for training. FicureE 2 illustrates the typical 
occurrence of hospitalized cases of acute respiratory illness in individual com- 
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_FIGURE 3. The occurrence of RI virus infections among hospitalized cases of acute re- 
spiratory illness in military personnel, by season, during 1952, 1953, and 1954. 


panies that trained either during the winter or summer. It is to be seen that 
the outbreak in Company K, which trained during the winter, was explosive in 


~ nature, resembling epidemic influenza, and that the majority of the cases oc- 


curred by the end of the fourth week of training (fifth week on the post). Dur- 
ing the summer months, by contrast, when the over-all incidence of the disease 
was low, the rates in Company D were consistently low and fluctuated at this 
level during the entire 9-week period of observation. 

RI virus infections are widespread in military-recruit populations of the 
United States, and they appear to account for the majority of cases of acute 
respiratory illness among newly recruited soldiers during the cold months of 
the year.!!: 17, 25, 27,28 By contrast, only a small proportion of the cases that 
occur among “‘seasoned” soldiers are of RI virus etiology. This observation 
is illustrated in FIGURE 3, which summarizes the results of tests for RI virus 
infection among a group of hospitalized cases of acute respiratory illness that 
occurred in 4 representative army camps during 1952-1954. During this 
period, Fort Dix, N. J., Fort Leonard Wood, Mo., and Fort Ord, Calif. were 
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populated principally by recently inducted raw recruits. Serological tests in- 
dicated that the proportion of respiratory illness that was due to cases of RI 
virus etiology ran as high as 87 per cent. As a contrast, the experience at 
Camp Carson, Colo., where the population was composed of seasoned soldiers, 
gave no indication of RI virus infection among the cases studied. 

It will also be noted in FIGURE 3 that illness due to RI virus infections 
occurred among recruits during all seasons of the year, summer as well as win- 
ter. This is in striking contrast to influenza, which occurs in epidemics only 
during the winter and seldom is found during the summer months. This year- 
round prevalence of RI virus infections indicates that the virus resides con- 
tinuously in the human population, and that at least one means for perpetuating 
the disease is by contact with cases of it. 

Further investigations”®: 27 to determine the rate of occurrence of RI virus 
infections in military recruit populations were carried out in comparative 
studies at Fort Dix of a selected company of soldiers receiving basic training 
during the winter of 1954 and another company that underwent training during 
the summer of the same year. The state of health of the men in these com- 
panies was followed, both clinically and serologically, from the beginning to 
the end of their military instruction period, and the clinical findings were cor- 
related with the serological test results. The findings, presented in interpre- 
tive form in FIGURE 4, revealed that roughly 80 per cent of the men trained at 
Fort Dix during the winter months of the year developed an RI virus infec- 
tion evidenced by significant increase in antibody, and that only 20 per cent 
escaped infection. Of the 80 per cent who became infected, one half, or 40 
per cent, developed a significant illness, and it was necessary to hospitalize 
one half of the latter individuals. The soldiers who required hospitalization 
caused the greatest loss in man-hours, the greatest disruption of the troop- 
training program, and the greatest cost in care and treatment. Thus, among 
groups of hospitalized cases of RI disease studied in epidemics at Fort Dix, 
N. J., in 1954” or at Fort Leonard Wood, Mo., in 1953,?8 the average duration 
of fever was 6 or 5 days, respectively, and the mean maximum temperature was 
103° F. The average stay in the hospital was 10 to 12 days. Roughly 15 per 
cent of the patients developed roentgenological evidence of pulmonary involve- 
ment; these cases were diagnosed on clinical grounds as primary atypical pneu- 
monia. 

The experience of a second company of soldiers that trained at Fort Dix 
during the summer months (August and September) was in striking contrast 
to the group that entered camp in the winter; only 10 per cent of the men pre- 
sented evidence of RI virus infection. The relative proportion of hospitalized 
cases, of mild disease, or of unapparent infection was, however, roughly the 
same as in the winter. 

Additional studies to determine the importance of RI virus infections in 
military personnel were conducted by a routine sampling of hospitalized 
cases of acute respiratory illness at Fort Dix during a 1-year period from June 
1954 through May 1955. During this time, there were recorded roughly 
15,000 hospital admissions, of which about 10,000 were for acute respiratory 


“(oN SIG Hog 32 (FSET “Wore 0} Arenigs J) Sutures} 10}UIM SuULMp s}MAIeI SUOWIe SUOTJIIFUT SNATA TY Jo yuoudopAsp 94, “Pp TANT 


‘da.LDa4NI SWODSE LHS 


‘NOILDAINI AdVISS OML 


*sigluownaud dojaAap yus> 
jad uaayi4 “sADp Q| 40 poised 
aBpsaap 10} ssaujy! Asoyosidsas 
24ND YYIM pazijoyidsoy OM | 


*Aipsuadsip 4D paypal, 
sassaul|! Asoypiidsai 
Joulw dojaaap om | 


*suoi>aju! yuosnddour 
Jo aspasip pj A1aA Jajyns snoy 


*payoajul you OM] 


CeCe RS: 


ONINIVALAdd 


267 


268 Annals New York Academy of Sciences 


PROPORTION OF CASES 


Pee POSITIVE FOR: 
+ GES FLUENZA 
9 

RI —67 


(UUM) «20 INFLUENZA+ RI - 67 
[_]_ UNDIAGNOSED 


POST POPULATION = 27,000 TROOPS 


6/138 | 
16 23 30 7 14 21 28 4 I! 18 25 1 8 
NOV. DEC. JAN. FEB. 


1952 1953 


FicurE 5. The occurrence of acute respiratory illness in the epidemic at Fort Leonard 
Wood, Mo., during 1952 and 1953, showing an estimate of the proportion of cases of RI disease, 
influenza, and conditions of unknown etiology, based on serological tests of samples of the 
cases. 


TOTAL NUMBER OF CASES 


illness. Based on the results of serological tests, about 6,000 of these cases, or 
about 40 per cent of all cases hospitalized during the 1-year period, were esti- 
mated to be of RI virus etiology. 

Epidemics of RI virus infections sometimes occur simultaneously in con- 
junction with the increased prevalence of other respiratory infections such as 
influenza. This is illustrated by the epidemic:that occurred at Fort Leonard 
Wood” during the winter of 1952-1953 and that is shown in graphic form in 
FIGURE 5. It can be seen that the over-all epidemic began around mid- 
November of 1952 and reached its peak during the week of December 14, 
when 1045 cases were recorded. This peak was followed by a sharp decline in 
cases that coincided with a sharp decrease in the number of new recruits in- 
troduced for training. With the resumption of the rapid turnover of trainees 
during early February, 1953, there was increased prevalence of respiratory 
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TABLE 1 


DISTRIBUTION OF RI Virus Types AMONG STRAINS 
RECOVERED FROM MILITARY PATIENTS 


Number of strains 
Camp Specimens collected ees PAS 
3 4 7 
Fort Leonard Wood, Mo. Jan. 4-9, 1953 2 1 2 5 
Fort Ord, Calif. Winter, 1954 1 2 2 aly 
Fort Dix, N. J. Jan. 11-13, 1954 11 11 
Jan. 31, 1955 2 5 z 9 
FT Ota ews ts eee oils chagetonee needa rama viaits ae = 5 8 17 30 


* Viruses recovered by Lt. Col. T. Berge, Fort Baker, Calif. 


disease. An estimate of the proportion of the cases caused by RI virus or by 
influenza virus infections as presented on the bar graphs revealed that influenza 
infections were prevalent during only a relatively short period. The influenza 
epidemic was explosive in nature, and it was superimposed upon the RI virus 
epidemic that lasted for several months. 

Although the viruses of the RI virus family comprise at least 11 distinct 
serotypes, only 3 of these, Types 3, 4, and 7, have been found to be of im- 


~ portance in cases of the disease in military recruit populations.’? As re- 


vealed in TABLE 1, Types 4 and 7 have been most common, while Type 3 is rare. 
These results were borne out in serum-neutralization tests with paired sera 
from patients in the epidemics. A similar distribution of types was reported 
by Berge et al.‘ in studies conducted during an epidemic at Fort Ord, Calif., in 
1953-1954. These findings in military populations vary sharply from those 
observed in civilian groups, where Type 3 virus has been predominant.**° 
The reason for this variance between military and civilian groups is not known. 

The serious consequences resulting from epidemic respiratory illness of RI 
virus etiology in military recruit populations make it expedient that some 
method be developed for preventing the disease. Studies to develop an effec- 
tive vaccine have been in progress in several laboratories. Recently, Huebner 
et al.8 reported that heat- or formalin-killed preparations of Type 3 virus grown 
in monkey-kidney tissue culture induced a neutralizing antibody response in 
human volunteers following its parenteral injection. In addition, the vaccine 


afforded significant protection against the experimental disease that resulted 


yA le 


from challenge by application of the homologous agent to the conjunctivae. 
Recently, our laboratory at the Walter Reed Army Institute of Research, 


_ Washington, D. C., recorded’ the development, preparation, and field evalua- 


tion of a formalin-killed vaccine prepared from infected cultures of monkey 
renal epithelium. This vaccine contained viruses of both Types 4 and 7, the 
types predominant in military populations. Human volunteers given a Single 
{-ml. dose intramuscularly developed neutralizing antibody against not only 
homotypes 4 and 7, but against heterotype 3 virus as well. The titers attained 
were as great as those ordinarily found following natural infections. 

The field evaluation of this vaccine was carried out among 624 recruits from 
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Ficure 6. Comparison of the numbers of hospital admissions for acute respiratory illness 
of vaccinated and nonvaccinated (control) subjects by week, postvaccination, at Fort Dix, 
N. J., during the winter of 1956. 


6 companies receiving basic training at Fort Dix, N. J., during the winter of 
1956. Of this group, 311 men were given two 1-ml. doses of vaccine a week 
apart, the first dose being given 4 to 7 days after their arrival at the post. From 
the same companies, 313 other men were given formalinized placebos. Lab- 
oratory tests of acute and convalescent sera collected from all patients revealed 
that more than 90 per cent of all hospitalizations for respiratory illness during 
the first 4 weeks of training were due to RI virus infections, predominantly 
Types 4 and 7. On the other hand, only a few of the hospitalizations for 
respiratory causes during the last 4 weeks of basic training were due to RI 
virus infection, and the great majority were of non-RI etiology. The findings 
of the study are summarized in FIGURE 6. 

As might be reasonably expected, an equal number of cases occurred in the 
vaccinated and control groups during the first week postvaccination. How- 
ever, during the second, third, and fourth week postvaccination, the vaccine 
was highly effective, and the incidence in vaccinated recruits was only 9 per 
cent of that among the nonvaccinated controls. After the fourth week, when 
the incidence of RI virus disease had fallen to low levels, no difference was 
noted between the hospitalization rates of the vaccinated and nonvaccinated 
groups. Considering all hospitalized cases (RI and non-RI) that occurred 
more than 1 week after vaccination, 4.8 per cent of the vaccinated were at- 
tacked, compared with 23.8 per cent of the controls. This conservative esti- 
mate of the efficacy of the vaccine indicates at least an 83 per cent reduction 


PERRI AS 


tu he Cee ceri be th oe Ae bet 


Hilleman: Adenovirus Infections Among Recruits DiS 


in illness due to vaccination. The numerical reduction will be even larger when 
the laboratory tests to exclude respiratory illnesses of non-RI virus etiology 
have been completed and evaluated.* In addition, the over-all effectiveness 
of the vaccine may be improved materially if the first dose of vaccine is given 
to the recruits immediately upon arrival at the training base and not delayed 
for from 4 to 7 days while the companies are formed, as was necessary in this 
study. 


1, 


i) 


> 


2 


= 


ge 


\o 


Male 
ize 
Ne 


«14, 
15. 
16. 


We 
18. 


10. 


References 


ENDERS, J. F., J. A. Bett, J. H. Dincre, T. Francis, Jr., M. R. HitteMay, R. J. HUEB- 
NER & A. M.-M. Payne. 1956. ‘Adenoviruses’: Group name proposed for new 
respiratory-tract viruses. Science. 124: 119-120. 


. Durr, F. L. 1952. The effects of geography, season, and length of military service 


upon common respiratory disease in the United States Army. Thesis. School of 
Hygiene and Public Health. Johns Hopkins Univ. Baltimore, Md. 
Commission oN AcuTE RESPIRATORY DiskEasEs. 1947. Clinical patterns of undiffer- 
* entiated and other respiratory diseases in army recruits. Medicine. 26: 441-464. 
COMMISSION ON ACUTE RESPIRATORY DisEasEs. 1946. Acute respiratory disease among 
new recruits. Am. J. Public Health. 36: 439-450. 


_ Commission oN AcuTE Respiratory DisEases. 1944, Epidemiology of atypical 


pneumonia and acute respiratory diseases at Fort Bragg, North Carolina. Am. J. 
Public Health. 34: 335-346. 

Sruart-Harris, C. H., C. H. ANpREws & W. Smita. 1938. A study of epidemic in- 
fluenza. With special reference to the 1936-1937 epidemic. Med. Research Council. 
Great Britain Special Rept. Series. No. 228. London, England. 

Commission on AcuTE ReEsprratory DisEases. 1947. Experimental transmission of 
minor respiratory illness to human’volunteers by filter-passing agents. I. Demonstra- 
tion of two types of illness characterized by long and skort incubation periods and dif- 
ferent clinical features. J. Clin. Invest. 26: 957-973. 

Commission on AcuTE RESPIRATORY DISEASES. 1947. Experimental transmission of 
minor respiratory illness to human volunteers by filter-passing agents. II. Immunity 
on reinoculation with agents from two types of minor respiratory illness and from pri- 
mary atypical pneumonia. J. Clin. Invest. 26: 974-982. 

SaRTWELL, P. E, 1951. Common respiratory disease in recruits. Am. J. Hyg. 58: 
224-235. 

Rowe, W. P,, R. J. Huesner, L. K. GitmorE, R. H. Parrorr & T. G. Warp. 1953. 
Isolation of a cytopathogenic agent from human adenoids undergoing spontaneous de- 
generation in tissue culture. Proc. Soc. Exptl. Biol. Med. 84: 570-573. : : 

Hitteman, M. R. & J. H. WERNER. 1954. Recovery of new agent from patients with 
acute respiratory illness. Proc. Soc. Exptl. Biol. Med. 85: 183-188. 

Hitteman, M. R., J. H. WERNER & M. T. STEwarT. 1955. Grouping and occurrence 
of RI (prototype RI-67) viruses. Proc. Soc. Exptl. Biol. Med. 90: 555-562. 

Dincte, J. H., H. S. GrinsBERe, G. F. Bapcer, W. S. JORDAN, Jr. & S. Karz. 1954. 
Evidence for the specific etiology of acute respiratory disease (ARD). Trans. Assoc. 
Am. Physicians. 67: 149-154. 

GinsBeErc, H. S., G. F. Bapcer, J. H. Dinctz, W. S. JorDAN, Jr. &S. Katz, 1955. 
Etiologic relationship of the RI-67 agent to acute respiratory disease (ARD). J. 
Clin. Invest. 34: 820-831. 

HvrEBner, R. J., W. P. Rowe, T. G. Warp, R. H. Parrott & J. A. Bett. 1954. Ade- 
noidal-pharyngeal-conjunctival agents. A newly recognized group of common viruses 
of the respiratory system. New Engl. J. Med. 251: 1077-1086. 

Rowe, W. P., R. J. HUEBNER, J. W. Harttey, T. G. Warp & R. H. Parrorr. 1955. 
Studies of the adenoidal-pharyngeal-conjunctival (APC) group of viruses. Am. J. 
Hyg. 61: 197-218. ae ape 

Dascoms, H. E. & M. R. HItLeMAN. 1956. Clinical and laboratory studies in patients 
with respiratory disease caused by RI viruses. Am. J. Med. In press. 

GinsBeERG, H. S., E. Gotp, W. S. Jorpan, JR., S. Karz, G. F, BADGER & J. H. DINGLE. 
1955. Relation of the new respiratory agents to acute respiratory diseases. Am. J. 


Public Health. 45: 915-922. 


* More recently, the vaccine was shown to effect a 98 per cent reduction in the expected incidence of RI virus 


cases.30 


272 Annals New York Academy of Sciences 


19. 


20. 


DAR 
22. 
23. 


24. 


25. 


26. 
27. 


28. 


29. 


30. 


BELL, J. A., W. P. Rowe, J. I. ENGLER, R. H. Parrott & R. J. HUEBNER. 1955. Pha- 
ryngo-conjunctival fever. Epidemiological studies of a recently recognized disease 
entity. J. Am. Med. Assoc. 157: 1083-1092. 

Parrott, R. H., W. P. Rows, R. J. HUEBNER, H. W. Bernton & N. B. McCuLLoucu. 
1954, Outbreak of febrile pharyngitis and conjunctivitis associated with type 3 ade- 
noidal-pharyngeal-conjunctival virus infection. N. Engl. J. Med. 251: 1087-1090. 

AWETZ, E. 1955. New type of APC virus from epidemic keratoconjunctivitis. Sci- — 
ence. 122: 1190-1191. 

KjELLEN, L. 1955. Studies of an unidentified group of cytopathic agents. Arch. ges. 

Virusforsch. 6: 45-59. 

HvueEsne_er, R. J., J. A. Bett, W. P. Rowe, T. G. Warp, R. G. Susxinp, J. W. HARTLEY 
& R. S. PAFFENBARGER. 1955. Studies of adenoidal-pharyngeal-conjunctival vac- 
cines in volunteers. J. Am. Med. Assoc. 159: 986-989. 

BERGE, T. O., B. ENGLAND, C. Mauris, H. E. SHury & E.H. Lennetre. 1955. Eti- 
ology of acute respiratory disease among service personnel at Fort Ord, California. 
Am. J. Hyg. 62: 283-294. 

Hitteman, M. R., J. H. WERNER, H. E. Dascoms, & R. L. Butter. 1955. Epidemi- 
iE aig ay with respiratory disease virus RI-67. Am. J. Public Health. 45: 

Hitteman, M. R., A. J. Tousmus & J. H. WERNER. 1955. Biophysical characteriza- 
tion of the RI(RI-67) viruses. Proc. Soc. Exptl. Biol. Med. 89: 587-593. 

HittEMan, M. R., J. H. WERNER, H. E. Dascoms, R. L. BuTLER & M. T. STEWART. 
1955. Epidemiology of RI (RI-67) group respiratory virus infections in recruit popu- 
lations. Am. J. Hyg. 62: 29-42. 

HittEMAN, M. R., J. H. WERNER, C. V. ADAIR & A. R. DREIsBAcH. 1955. Outbreak 
of acute respiratory illness caused by RI-67 and influenza A viruses, Fort Leonard 
Wood, 1952-1953. Am. J. Hyg. 61: 163-173. 

Hititeman, M. R., R. A. STALLONEs, R. L. Gautp, M. S. WARFIELD & S. A. ANDERSON. 
1956. Prevention of acute respiratory illnesses in recruits by RI virus vaccine. Proc. 
Soc. Exptl. Biol. Med. 92: 119-120. 

Hitteman, M. R., M.S. WarRFIELD, S. A. ANDERSON & J. H. WERNER. 1957. Adeno- 
virus (RI-APC-ARD) vaccine for prevention of acute respiratory illness. 1. Vaccine 
development. J. Am. Med. Assoc. 163: 4-9. 


THE FREQUENCY OF INFECTION WITH ADENOVIRUSES 
IN A FAMILY STUDY POPULATION* 


By William S. Jordan, Jr. 


Departments of Preventive Medicine and Medicine, Western 
Reserve University, Cleveland, Ohio 


For the past 8 years attempts have been made to separate etiologic entities 
from the group of common undifferentiated respiratory diseases responsible 
for an average of 6 illnesses per person per year in a population of families under 
continuous observation. The discovery of the respiratory illness (RI) adeno- 
viruses? * (formerly known as APC or RI viruses) was soon followed by the 


‘identification of certain of these viruses as etiologic agents of the previously 
recognized clinical syndromes acute respiratory disease (ARD) of recruits*? and 


nonbacterial pharyngitis.’ Therefore, studies were undertaken to measure 
the importance of these new viruses as agents of disease in this family study 
population in Cleveland, Ohio. 

The general methods employed in the study of these families,! and in the use 


— of HeLa cell cultures for the isolation of viruses and the performance of neu- 
- tralization tests were those described elsewhere.®: 1° The 64 families under 


observation were visited weekly by a field worker for the purpose of confirming 


the illnesses reported and of collecting pharyngeal swabs. Many of the indi- 


viduals with symptoms were examined by a physician in order to characterize 


‘the illnesses further. Serum specimens were collected routinely in the spring 


and fall, occasionally in relation to a particular illness. 


Nonbacterial Pharyngitis 


An epidemic of nonbacterial pharyngitis occurred in Cleveland, Ohio, in 
July and August 1954,° and data were obtained that provided further evi- 
dence for the relationship of the Type 3 virus to this syndrome," recently 
labeled ‘“pharyngoconjunctival fever.” Pharyngeal swabs were taken from 
31 individuals, and serum specimens collected before and after the epidemic 
were tested for increases in titer of neutralizing antibody to virus Types 2, 3, 
and 5. 

Twelve strains of virus were isolated from the 24 cases tested, as follows: 
2 Type 2, 9 Type 3, and 1 Type 5. Virus was not isolated from 17 persons 
without symptoms. Both Type 2 viruses were isolated from the same family, 
and 4 of the 8 individuals (3.0 per cent of those tested) who developed increases 
in titer of Type 2 antibody between the spring and fall specimens are members 
of this family. Three of the 9 persons (3.3 per cent of those tested) with in- 
creases in titer of Type 5 antibody are members of the family from which the 


Type 5 strain was isolated. 
Type 3 virus provoked the greatest number of serological responses, 38 of 


* The investigation described in this paper was conducted under the sponsorship of the Commission on Acute 
Reaientory lines) ‘Armed Forces Epidemiological Board, Washington, D. C., and was supported in part by 
the Office of The Surgeon General, Department of the Army, Washington, D. C., and by grants from the Brush 
Foundation, Cleveland, Ohio; the Robert Hamilton Bishop, J r, Endowment Fund, Western Reserve University, 
Cleveland, Ohio; Philip R. Mather, Boston, Mass. ; and the Republic Steel Corporation, Cleveland, Ohio. 
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289 individuals (13.4 per cent) showing an increase in Type 3 antibody. -All 
of the 33 children who showed a rise in response to Type 3 had an illness con- 
sistent with nonbacterial pharyngitis; only 1 of the 5 adults with a rise had such 
an illness. Seventy-one per cent of those with this syndrome developed an 


increase in titer of antibodies for 1 of the 3 viruses isolated during the epidemic; — 


97 per cent of those who remained well had no increase in titer.° 


Virus Isolations, 1954 and 1955 


To measure the importance of adenoviruses as etiologic agents in respiratory 
disease, pharyngeal swabs were collected during the next winter period of in- 
creased respiratory infection. Because of the high prevalence of respiratory 
disease 3 weeks after the opening of school,! 318 swabs were collected from all 
members of a group of Cleveland, Ohio, families from September 27 to Octo- 
ber 2,1954. Forty-five of these swabs did not yield adenoviruses, and the rest 
were discarded. During 2 other periods, the month of November and the last 
2 weeks of January, swabs were obtained from all individuals with acute respir- 
atory symptoms. At other times, swabs were collected from patients with 
selected illnesses. 

The 531 pharyngeal swabs tested yielded 6 Type 1 poliomyelitis viruses, 
4 Group B, Type 3 Coxsackie viruses,!° and 10 adenoviruses, the latter all from 
children. Theadenoviruses thus obtained from approximately 2 per cent of the 
illnesses tested were as follows: 2 were Type 1, 1 was Type 2, 4 were Type 3, 
2 were Type 5, and 1 was Type 6. The Type 1 and Type 5 viruses both were 
recovered from 2 individuals in each of 2 families. All 4 had fever, 3 had 
pharyngitis, 3 showed conjunctival injection, and all had increases in titer of 
neutralizing antibody for the infecting type. 

The Type 2 virus was isolated from a 4-year-old child with a temperature 
of 100° F., coryza, and an irritated throat. Type 2 antibody increased from 
<8 to 64. 

Only 2 of the 4 children from whom Type 3 viruses were isolated developed 
increases in titer of Type 3 antibody. One child had experienced a family 
epidemic of Type 3 pharyngitis 3 months previously and had shown an increase 
in antibody at that time. The other Type 3 isolation may represent labora- 
tory contamination. The Type 6 virus also may be a laboratory contaminant, 
for the child thought to be the source of this agent did not respond with an 
increase in titer of antibody. 

Isolation attempts, then, provided a disappointingly small number of viruses 
that could be definitely related to respiratory symptoms. 


Serologic Studies: 1954 and 1955 


To determine the frequency of infection with adenoviruses by serologic 
means, serum specimens collected before and after the winter season of respira- 
tory infection from 120 adults and 138 children were tested for increases in 
titer of neutralizing antibody for Types 1 through 7. Sera drawn in the spring 
of 1955 were screened for antibody at a final dilution of 1:8. If antibody was 
present in this specimen, sera from the fall and spring were titrated simultane- 
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TABLE 1 
NEUTRALIZING ANTIBODIES FOR ADENOVIRUSES IN FAMILY STUDY POPULATION: PRESENCE OF 
ANTIBODIES IN SPRING, 1955, AND INCREASES IN TITER BETWEEN FAtt, 1954, AND 
SPRING, 1955 


Adults Children 
Virus t: 
ti Percentage with |Percentage develop-| percentage with Percentage develop- 
SERGE | ine inceasesit” | Peet | ne Inceaest 
1 32.5 1.6 37.0 6.8 
2 49.2 ie 50.1 0.8 
3 44.2 1.6 40.7 3.6 
4 Polat 0 0 0 
5 30.0 1.6 10.1 2.2 
6 15.0 eG VEZ 4.4 
7 23.1 0 1392 0 


s 


* Present at final dilution of 1:8. 
+ From <1:8 to 1:8 or greater, or 1:8 to 1:32 or greater. 


ously. Those individuals previously shown to have antibody for Types 2, 3, 
and 5 were screened, but not titered. The results are summarized in TABLE 1. 

One third to one half of adults and children have antibodies for Types 1, 2, 
and 3, antibodies to Type 2 being most prevalent. As previously found with 
sera collected in the spring of 1954, only adults have Type 4 antibody.” Type 
5 and Type 7 antibodies are more common in adults; 15 per cent of both adults 
and children have Type 6 antibody. 

Very few adults—1 to 2 per cent—developed increases in titer of antibodies 
for any of the 7 types used as antigens (TABLE 1). The frequency of antibody 
rises in children varied from 1 per cent for Type 2 to 7 per cent for Type 1. One 
third of the Type 1 rises occurred in a single family. It is noteworthy that no 
rises were detected with Types 4 and 7, the agents related to a number of epi- 


~ demics of ARD in military recruits.*7 Type 7 antibody was present in 13 per 


cent of the children, in contrast to the absence of Type 4 antibody. Type 7, 
therefore, has presumably caused infection in this civilian population in recent 


years. 


Relating Viruses to Symptoms 


The data presented above indicate that adenovirus infections, particularly 
Types 1, 2, and 3, have occurred frequently in this population of families. 


- Data from a single season indicate, however, that these agents are responsible 


for but a small fraction of the respiratory illnesses suffered throughout the year. 


_. The relationship of Type 3 virus to nonbacterial pharyngitis has been con- 


firmed, and evidence has been accumulated to suggest that Types 1, 2, and 5 
may induce similar symptoms. The difficulties encountered in relating viruses 
to symptoms, and some of the defects in the methods presently employed in 


_ the family study, may be illustrated by examining the experience of a single 


family during the first 2 months of 1955 (TABLE 2). 
Individual No. 6, an infant, was the first to become illin January. On the 
same day that this child’s coryza and cough were attributed to teething, indi- 
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TABLE 2 


ILLNESSES DuRING 2 Monrus IN FAmMity 86—PROBLEM OF RELATING 
Symptoms TO TypPE 5 ADENOVIRUS 


Virus Jn 
isolation Neutralizing antibody 


Ind. | Onset 
No. | date Symptoms 


Re- |Ind. é 
Date sult | no. Date Titer 


| 


1/10 | Cough — 


2/6 | Coryza, cough ; 
2/14 | Continued coryza and cough, conjunctival | — 
injection, T. 101.6° F. 


2/23/55 | 16 
4/24/55 | 128 


6 —|1 | 9/24/54 | <8 
6 | 1/18 | Coryza, cough (teething) : — |— 4/24/55 32 
5 | 1/18 | Cough, conjunctival injection, afebrile 1/20 | 0 
3 | 1/19 | Headache, sore throat, conjunctival injec- | 1/20 | + | 2 | 9/9/54 <8 
tion, spotty exudate, T.101.4° F. 6/13/55 32 
2 | 1/20 | Irritated throat, cough 1/203).0 
1 | 1/21 | Coryza 1/22'| 0} 3’ | 11/12/54 |e 
3 | 1/29 | Coryza 1/29 | 0 3/25/55 | 128 
4 | 1/29 | Headache, sore throat, T.101.3° F. — |-— 4/24/55 32 
5 | 2/2 | Constitutional symptoms, coryza, cough, | 2/4 | + 
e102°.F; 4 | 9/9/54 <8 
4 | 2/3 | Coryza, right eye red 2/4 0 4/24/55 | 128 
2 | 2/5 | Coryza, cough art Bro 
1 | 2/6 | Coryza, cough, irritated throat 2/7 0 | 5 | 9/9/54 <8 
6 moet Ils 
6 _ 


6 | No sera 


vidual No. 5 had an afebrile illness associated with conjunctival injection. The 
next day, individual No. 3 had an illness characterized by conjunctival injec- 
tion, pharyngeal exudate, and fever. Type 5 virus was isolated. One and 2 
days later the mother and the father, respectively, developed cough and coryza. 
Ten days after onset of his first illness, individual No. 3 noted coryza. That 
same day, individual No. 4 complained of headache and sore throat and had 
an elevated temperature. Four days later, at the beginning of February, indi- 
vidual No. 5 again became ill, this time with fever. Type 5 virus was isolated. 
Next followed 4 mild illnesses in as many persons; then February ended as 
January began, with individual No. 6 who, this time, had a febrile illness with 
coryza, cough, and conjunctival injection. 

Thus these 6 persons had 14 respiratory illnesses in a period of 35 days. 
Five of them had 2 illnesses each; the sixth had 4. Eight pharyngeal swabs 
were collected, 5 during 1 of the periods in which all illnesses were being cul- 
tured, and 2 Type 5S strains were isolated. Three of the specimens were taken 
from patients with “selected” illnesses; in retrospect, it is unfortunate that 
more swabs were not obtained. 

All of the 5 members of the family with proper serum specimens showed in- 
creases in titer of Type 5 antibody. However, in the period spanned by these 
specimens, this family had 45 respiratory illnesses, and there is no clear proof 
that the Type 5 infections detected were responsible for the increases in titer 
that occurred. Further, with the limited data available, it is impossible to 
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relate the symptoms manifested by the different members of the family to the 


agent isolated 2 weeks apart from 2 of them. 


If the type of family study made in Cleveland is to provide more precise in- 
formation, it is obvious that efforts must be intensified in relation to individual 


illnesses by employing a variety of techniques for virus isolation and by ob- 
taining more frequent serum samples for antibody assay. 


Summary 


The frequency of infection with adenoviruses has been studied in a popula- 
tion of families. Neutralizing antibodies to Types 1, 2, and 3 are common, 
occurring in 35 to 50 per cent of adults and children. Antibodies to Types 4, 


5,6, and7 are less prevalent; children have no antibody to Type 4. 


adeno viruses were isolated from only 10 of 531 pharyngeal swabs collected 
from individuals with respiratory illnesses between September 1954 and June 


~ 1955. The percentage of persons showing increases in titer to any one of the 


7 types ranged from 1 to 5 per cent. These agents appear to be responsible 
for but a small proportion of respiratory illness. 
While the family-study methods presently employed permitted confirmation 


- of the relationship of Type 3 virus to nonbacterial pharyngitis and provided 


data to suggest that Types 1, 2, and 5 may produce a similar syndrome, intensi- 


fied efforts will be necessary to relate any viruses isolated to the symptoms 


recorded. 
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SOME CLINICAL ENTITIES ASSOCIATED WITH SPORADIC 
INFECTION WITH ADENOVIRUSES IN ADULTS* 


By E. Jawetz 
University of California Medical Center, San Francisco, Calif. 


Members of the adenovirus group, formerly known as APC or RI viruses, 


- have been prominently associated with (1) latent infection of human tissues 


from the upper respiratory tract,! (2) epidemic disease of children referred to 
as “pharyngoconjunctival fever,” and (3) epidemic respiratory illness of mili- 
tary recruits, ranging from thinitis to pneumonitis.** There has been some 
suggestion that there is a definite association between certain antigenic types 


~ of adenoviruses and the disease they produce. The illness involved in “‘season- 
ing” of troops most commonly appears to be caused by adenovirus Types 4 
- and 7, whereas Types 1, 2, and 5 most often have been found as latent agents 


ahr 


in tonsillar and adenoidal tissues. Type 3 has been associated prominently 


with disease of the external eye, particularly follicular conjunctivitis.° 


It is known from serological surveys on various age groups in civilian and 


military populations that infection with adenoviruses is common, and that 


many adults have experienced infection with at least 1 and, commonly, 2 or 3 
types.’ In epidemic outbreaks of respiratory disease or conjunctivitis, the 
symptoms and signs of the clinical illness are often well defined, and the diag- 
nosis can be made quite readily. However, it is not known whether most indi- 
viduals undergo infection during the epidemic spread of the virus, or whether 


“its endemic presence results in sporadic infections leading to type-specific im- 


munity. 
During the past 18 months we have had the opportunity of making the spe- 


"cific etiologic diagnosis of adenovirus infection in a number of patients and of 
studying the clinical picture in some detail. These were sporadic cases in 


adults associated with infection by adenovirus Types 2, 3, 6, i On Sues Lies 
the purpose of this report to call attention to the variety of clinical pictures 


presented by these cases. Since infection by adenoviruses has been soprom- 


inently associated with respiratory diseases,2’ 4 we wish to call particular at- 
tention to the role of the eye, both as a site of primary or principal symptoms 
and as a possible portal of entry for the infection. While other investigators 


have emphasized the role of adenovirus infections in epidemics among military 


recruits and children, we wish to’ stress the role of these agents in sporadic in- 
fections of adults. 


MATERIALS AND METHODS 
Patients 


The 2 main sources of clinical material were the eye clinic and the Student 


Health Service of the University of California Medical Center of San Fran- 


-* The work described in this paper was conducted by a group at the University of California Medical Center, 
San Francisco, Calif., Rogautine of D Hanna, E. Jawetz, S. J. Kimura, A. Nicholas, and P. Thygeson. The work 
was supported also, in part, by grants from the National Institutes of Health, Public Health Service, Department 
of Health, Education and Welfare, Bethesda, Md.; Burroughs, Wellcome & Co., Inc., Tuckahoe, N- Y.; and the 
Committee on Research of the University of California School of Medicine, San Francisco, Calif. 
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cisco. We are indebted to the many physicians who kindly referred patients 
for study from the eye clinic, and to Kahn Uyeyama who called our attention 
to, and permitted detailed study of, patients under the care of the Student 
Health Service. Outpatients and inpatients were examined and treated by 


the service responsible for their care, but we saw, in consultation, every case — 


described here. In addition to the usual laboratory examinations mandatory 
for the type of illness, special studies on each of these patients were directed 
toward establishing the viral etiology of the disease. 


Virus Isolations 


Washings or scrapings from conjunctiva or cornea were obtained whenever 
the eye presented signs of involvement. Throat swabs were obtained from 
patients exhibiting respiratory symptoms. The specimens were suspended in 
maintenance medium (10 per cent chick serum in Mixture 199*) with the addi- 
tion of antibiotics to prevent bacterial growth and were either inoculated into 
tissue culture immediately or kept frozen at —20°C. until used. HeLa cell 
tissue cultures in tubes were obtained from Tuskegee Institute, Tuskegee, Ala. 
These cultures were washed twice with Hanks’ solution, then 0.2 ml. of 
the specimen and 0.8 ml. of maintenance medium were added.* The tubes 
were incubated in a stationary position at 36° C. for as long as the integrity of 
the HeLa cells permitted, which was usually 12 to 21 days, with occasional 
changes of maintenance medium when required by acid pH. The tubes were 
observed regularly at intervals of 1 or 2 days for cytopathogenic effects indica- 
tive of virus proliferation. When no evidence of virus activity was detected 
in the first tissue culture passage, at least one blind passage was made before 
the specimen was discarded as negative. 

Viruses isolated in tissue culture were typed with known specific antisera. 
Some were typed through the courtesy of T. O. Berge, 6th Army Area Medical 
Laboratory, Fort Baker, Calif., and R. J. Huebner of the National Institutes of 
Health, Bethesda, Md., to whom we are greatly indebted for this assistance. 


Serological Tests 


Complement-fixation tests were performed in a conventional manner, using 


2 full units of complement, 2 units of hemolysin, 2 units of antigen, anda 2 per | 


cent suspension of sheep cells. Sera were inactivated at 60° C. for 20 minutes. 
The test mixture was incubated overnight at 4° C. and for 10 min. at 37°C. 
before the addition of sensitized cells. Readings were taken 10 min. after the 
controls cleared completely. The antigen consisted of fluid from tissue cul- 
tures in which Type 3, 4, 6, or 8 adenovirus had been grown. Immediately 
before use this fluid was heated at 56° C. for 30 min., then centrifuged at 1000 
rpm for 10 min. : 

For neutralization tests about 100 TCDsot doses of infective virus were mixed 
with twofold serum dilutions and incubated at room temperature for 1 hour. 
Then 0.2 ml. of the mixture was inoculated into each tube of twice-washed 


* All tissue-culture media were obtained from Microbiological Associates, Bethesda, Md. 
Dso = the amount of virus able to infect half of a given number of tissue cultures. 
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HeLa cell cultures, and 0.8 ml. of the maintenance medium was added. The 
tubes were incubated at 36° C. in a stationary position and read daily in the 
conventional manner, denoting cytopathogenic effects by + to ++++. 


Agreement of findings between duplicate tubes containing the same mixture was 


good. The result was considered to show neutralization when there was a 
difference of +-+++ in readings of experimental and control tubes for at least 


2 consecutive days. Virus titrations and positive and negative control sera 


were included in each test. 


CLINICAL OBSERVATIONS 
Case 1 


K. B., a 26-year-old physician, suddenly developed conjunctivitis in the 
right eye on August 18, 1955, with lacrimation and a burning sensation. Two 
days later the right preauricular lymph node became markedly enlarged and 


slightly tender to the touch. The next day conjunctivitis developed in the 


~ left eye and the patient’s temperature was 37.4° C. orally. Examination of 


the eyes showed normal lids and corneas. There was marked tearing and con- 


zi - gestion of the conjunctivae of both eyes (more so in the right eye than in the 


- left one), with intense follicular hypertrophy, particularly in the lower fornix. 


There was a tender 1- X 2-cm. right preauricular lymph node. The throat 


- was injected and edematous, with.a small amount of exudate on the posterior 


a pharyngeal wall. Cervical lymph nodes of the right anterior chain were en- 
 Jarged and tender. The remainder of the physical examination was not re- 


markable. 
On August 23 the patient felt more severely ill and was admitted to the hos- 


pital. His temperature was 38.8° C., his pulse was 108, and his blood pressure 
was 150/70. He complained of a severe headache and an extremely sore throat. 
He was prostrated with persistent deep aches in shoulders, neck, and arms, a 
pain described as ‘Gnfluenzal.”” The appearance of the throat and the right 


eye was unchanged from the previous day, but the left eye was clear. ~ The 


preauricular and cervical nodes remained enlarged and tender. There was a 
slight cough and some aching in the chest, but the lungs were clear on examina- 
tion. ‘The remainder of the physical examination was not remarkable. 
Laboratory examination revealed a normal blood count and urinalysis. The 
heterophil agglutination test was ++ ina serum dilution of 1:28. 
The prostration, deep ‘Gnfluenzal” aches, intense conjunctivitis of the right 


a Pee ond very. sore throat persisted through August 25, then gradually sub- 


Ww 


a ee, 


sided. The conjunctivitis had largely subsided on August 2. T he pharyn- 
gitis was last to disappear, but on August 29 the patient was entirely well and 
was discharged. Ean oe 
Festus on etiology. Bacteriological cultures from the patient’s lids and 
conjunctivae grew only a few nonhemolytic Staphylococcus albus. A throat 
culture showed only the normal bacterial flora. Cytologic smears from the 


mice showed numerous polymorphonuclear leukocytes. Smears from the con- 


junctivae contained only a small number of mononuclear cells and occasional 


polymorphs. 
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TABLE 1 
SEROLOGICAL TESTS ON Patient K. B. SHowinc RisE In ANTIBODY TITER 


os 


Serum obtained on: Complement-fixation titer Neutralization titer 
August.22%1955; cron crams eee <1:10 1:10 
Ausust 31, 19S 5a ures aoe eae — 1:20 
September 12,1955.577 oer: ee >1:160 1:320 


Virus isolations. Washings were obtained from the right eye on August 22 
and 26, and from the left eye on August 25. Throat swabs were secured on 
August 23. All materials were inoculated into twice-washed HeLa cell cul- 
tures immediately after storage at — 20° C. for from 3 to 60 days. The washing 
of the right eye on August 22 and the throat swab of August 23 both yielded 
adenoviruses that were found to belong to Type 2. 

Serological tests performed with the patient’s serum against the virus iso- 
lated from him indicated a definite rise in antibody titer (TABLE 1). 

Comment. When this patient was first seen he had pharyngitis, conjuncti- 
vitis, and low-grade fever, a syndrome highly suggestive of ‘“pharyngoconjunc- 
tival fever,’”? generally a mild, brief illness. Subsequently, however, he became 
severely ill and presented the picture of severe influenza, except for his very 
abrupt recovery without protracted convalescence. The isolation of Type 2 
adenovirus from both eye and throat and the marked rise in specific neutralizing 
antibody to this type established it as the etiologic agent. 

While Type 2 adenovirus has been isolated repeatedly from the adenoids 
of children, there is only one published reference to its recovery from a sick 
person. Apparently the agent can be carried latently in the tissues of chil- 
dren and yet be able to produce a disease of considerable severity when infecting 
a susceptible adult. The source of infection for this patient remains entirely 
unknown. Asa physician he had had contact with a large number of persons, 
both sick and well. However, he recalled no recent contact with children, nor 
with adults suffering from the type of illness he developed. The portal of 


entry likewise is uncertain. However, the conjunctivitis may have represented _ 


his earliest specific symptom of adenovirus infection. 


Case 2 


W. T. F., a 34-year-old male, developed a bilateral conjunctivitis and felt 
feverish and chilly on September 17, 1955. Two days later his throat became 
very sore. When examined on September 23, the patient was afebrile, but felt 
ill. He had a bilateral follicular conjunctivitis with papillary hypertrophy 
and bulbar flush. There was a slight nonpurulent discharge. The corneas 
were uninvolved. Both preauricular lymph nodes were greatly enlarged and 
tender. The pharynx was injected with prominent lymphoid follicles, but 
there was no exudate. The remainder of the physical examination was non- 
contributory, but the patient complained of irritability, malaise, and deep 
muscular aches. Routine laboratory examination also revealed nothing sig- 
nificant. Subsequently, the patient improved rapidly; on September 25 he 
felt quite well and the conjunctivitis was clearing rapidly. 


* 


Jawetz: Clinical Entities and Sporadic Infection 283 


TABLE 2 
RESULTS OF THE SEROLOGICAL EXAMINATION OF PATIENT W. T. F. 


Serum obtained on: Complement-fixation titer Neutralization titer 
September 2s, 1959 se <1210 : 
October'20,1955........:50... 05 1:80 . i :40 


Observations on etiology. Bacteriological cultures from the patient’s lids and 
conjunctivae showed only the normal flora. Cytologic smears revealed a few 
polymorphonuclear cells, but no eosinophils. 

Virus isolations. Washings obtained on September 23, 1955, from both eyes 
_ yielded adenovirus Type 3 in HeLa cultures. No viral agent was recovered 
— from the throat. 

Serological examinations performed with the patient’s sera and the virus 
_ recovered from him gave the results shown in TABLE 2. 

Comment. This case is generally representative of 10 patients in whom 
~ adenovirus Type 3 infection was proved. There was marked variation in 
~ clinical symptoms. Conjunctivitis was the most common complaint and find- 
ing, and it was present in all cases, but symptoms of pharyngitis were not ad- 
mitted by 5 of the patients, even under careful questioning. Fever was proved 
- in only 4 of the 10 persons. Thus the majority of these patients came to the 
physician complaining chiefly of an eye disorder, not of respiratory symptoms. 
These cases could be readily mistaken for simple bacterial conjunctivitis were 
it not for negative bacterial cultures, the marked enlargement of preauricular 
nodes, virus isolations, and rises in antibody titer. Viruses were isolated from 
the eyes of these patients, but usually not from the throat. The conjunctivitis 
usually involved one eye at first, the second eye 3 to 9 days later. The effect 
on the second eye was milder and of much shorter duration. While the history 
of pharyngitis was often vague and unreliable, one had the impression that it 
~ often followed the first eye symptoms, rather than preceding them. 

We attempted recovery of adenoviruses from the eyes of 30 patients whose 
clinical picture suggested this etiology, and who were seen within one week of 
onset of the symptoms. We were able to isolate viruses from 15 of them, 10 
of these agents being adenovirus Type 3. One case, reported in detail else- 
where,’ yielded adenovirus Type 6 and suffered an illness indistinguishable from 
that described above. From the eyes of 2 patients herpes simplex virus was 


isolated, but without clinical evidence of specific herpetic keratoconjunctivitis. 


These 2 patients had a constant titer of neutralizing antibodies for herpes sim- 
_ plex virus during their illness, but one of them had an eightfold rise in titer to 
~ adenovirus Type 8.!° It appears that when there is manifest nonbacterial 
clinical involvement of conjunctiva or cornea, specimens from these structures 
yield viruses very readily, even in sporadic cases seen rather late in the course 


of the disease. 


For serological diagnosis, neutralization tests were necessary, not only to 
indicate rise in type-specific antibodies, but sometimes to show any antibody 
titer rise at all. Results of complement-fixation tests sometimes failed to indi- 
cate a rise in that titer, in spite of virus isolation and a marked rise in neutral- 
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TABLE 3 


RESULTS OF SEROLOGICAL TESTS OF 3 PATIENTS FROM WHOM 
ApENOvIRUS TyPE 3 WAS RECOVERED 


Titers against virus recovered from patient 


Patient Days after onset 
Complement-fixation Neutralizing 
Mar. 5 1:10 <125 
a 19 >1:160 re 

Tag. 3 1:80 : 

os 29 1:80 >1:80 
Sal. 7 1:20 1:10 

45 1:20 1:80 


izing titer. The 3 patients whose cases are illustrated in TABLE 3 had a viral 
conjunctivitis from which adenovirus Type 3 was recovered, and all had few 
systemic symptoms. Patient Mar. illustrates the commonest behavior, a rise 
of both complement-fixing and neutralizing antibodies. The other 2 patients 
had diagnostic rises in neutralizing antibody, but no change in complement- 
fixing antibody titer. The reason for this behavior is not clear. 


Case 3 


H. T., a 50-year-old merchant seaman traveling between the Orient and San 
Francisco, Calif., was seen in the eye clinic on the 12th day after the onset of an 
intense bilateral conjunctivitis with pseudomembrane formation and tender, 
greatly enlarged preauricular lymph nodes. There was also keratitis which, 
in the course of the next few days, led to the development of round subepithelial 
opacities highly characteristic of epidemic keratoconjunctivitis. These opaci- 
ties persisted for at least 7 months. The patient had no fever or respiratory 
or systemic symptoms at any time. His nurse acquired the typical disease on 
the 10th day of her exposure to this patient. 

Observations on etiology. Bacteriological cultures grew a few Staphylococcus 
albus from the conjunctiva on the right eye, but no bacteria from the left eye. 
Cytologic smears from the conjunctivae showed a predominance of polymor- 
phonuclear cells. 

Virus isolation. Scrapings from conjunctivae were inoculated into HeLa 
cell cultures. The first cytopathogenic effects occurred on the 17th day of 
incubation, and degeneration was complete on the 22nd day. The virus was 
not neutralized by antiserum to any of the then-known types of adenovirus 
(Types 1 to 7) but, because it obviously resembled other adenoviruses in bio- 
logical properties, R. J. Huebner at the National Institutes of Health, Bethesda, 
Md., proposed that it be designated Type 8.1! 

Serological tests. Neutralization tests performed with the patient’s serum 
against the virus isolated from him are shown in TABLE 4. 

Comment. ‘The virus isolated from this patient has been designated the 
prototype of adenovirus Type 8. It differs in a number of biological charac- 
teristics from the other agents in the group, particularly in its low infectivity 
for HeLa cells.!° A serological survey, including sera from the United States, 
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TABLE 4 


NEUTRALIZATION TESTS PERFORMED ON THE SERUM OF PATIENT 
H. T. AGAINST THE VirUS ISOLATED FROM HIM 


Serum obtained days after onset Neutralizing antibody titer against adenovirus virus Type 8 
12 ? (toxi 
iy oxic serum 
79 ; 
141 1:160 
TABLE 5 


SEROLOGICAL SURVEY SHOWING ASSOCIATION BETWEEN ADENOVIRUS 
Tyre 8 AND Epmemic KERATOCONJUNCTIVITIS 


Neutralizing antibodies to adenovirus 
Number Type 8 in a serum dilution of 
4 re) 
patients 
<1:10 >1:10 
_ Epidemic keratoconjunctivitis..........-....---. 70 5 (5.7%) | 66 (94.3 
__ Controls (other eye diseases, normals, miscellane- : @ 
BSR ECEIONS) io Shee i aie ie re Titel ese ais 140 | 130 (92.9%) | 10 (7.1%) 


Japan, Switzerland, and Italy, indicates a very striking association between 


_ infection with this virus and epidemic keratoconjunctivitis, as summarized in 
- rapte 5. The etiologic relationship of this virus to the disease, however, re- 


wa 


SOS UR Pe ee eA 


mains to be clarified. It should be noted that systemic illness, respiratory 
symptoms, or fever are very rarely present in epidemic keratoconjunctivitis. 


DISCUSSION 


The advent of new simple methods for the isolation of viruses in tissue cul- 
ture has greatly speeded the discovery of a vast number of “new” viruses 


_ from many different areas of the human body. The problem will be, not to 


find viruses, but to decide which of them should be considered members of a 
“normal viral flora” corresponding to the well-established normal bacterial flora, 
and which should be primarily associated with disease. We are discovering in- 
creasing numbers of viral agents that are “in search of disease.” 

When the first adenoviruses were discovered in cultures prepared from ade- 


E noidal and tonsillar tissues it seemed probable that they, too, might be pre- 
~ dominantly “orphans.” The subsequent identification of Type 3 as the eti- 


ological agent causing epidemic pharyngoconjunctival fever in children,” and 
the discovery that the RI-67 virus (adenovirus Type 4) caused large outbreaks 
of respiratory disease in military recruits*-> indicated that at least some adeno- 


- viruses were pathogens of considerable stature. The present report attempts 


to show that this might be true for many of the known adenovirus types, in- 
cluding some, such as Types 2 and 6, that have not often been isolated from 
disease. It also indicates that sporadic infections of adults are by no means 
rare. 

The question arises as to whether specific symptom complexes or clinical 
entities might be associated with infection by specific types of adenovirus 
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agents. Because of the paucity of clinical observations, an answer is evidently 
not possible at this time. If Type 8 is not only associated with epidemic kerato- 


conjunctivitis, but etiologically involved in it, then this virus is indeed respon- — 


sible for a well-defined clinical entity. As for the other types, it can be said 
at this time only that a significant degree of association between type and 
clinical illness appears possible; for example, that of Type 3 with isolated con- 
junctivitis. On the other hand, it is becoming clear that a wide range of ill- 
ness, from minimal to severe, and involving one organ system or many, can be 
encountered with a number of different types, including 2, 3, 4, and 6. 

The majority of the proved sporadic adenovirus infections in adults that we 
have observed have shown involvement of the eye. In some, the eye was the 


only site of manifest viral activity; in others, it was associated with systemic or ~ 


respiratory symptoms. The constancy of eye involvement raises the question 
of whether the eye may not serve as the portal of entry for the virus. This 


thought is suggested by the great difficulty in infecting volunteers with adeno- — 


viruses via the respiratory tract and the relative ease of obtaining infection 
when virus is applied to the conjunctivae." 12 Furthermore, we have observed 
instances in which the conjunctivitis was the first symptom noted, definitely 
preceding systemic symptoms by several days. It is quite possible that, in 
civilian practice, adenovirus infections of adults may manifest themselves fre- 
quently as eye infections rather than as respiratory diseases. 
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RECOVERY OF A NEW TYPE OF MYXOVIRUS FROM 
INFANTS WITH CROUP* 


By Robert M. Chanock 


Children’s Hospital Research Foundation, University of 
Cincinnati School of Medicine, Cincinnati, Ohio 


Most infectious croup in infancy is not related to Corynebacterium diphtheriae 
or Hemophilus influenzae B, and recent studies have failed to implicate other 


pathogenic bacteria. The term “viral croup” has been applied to this syn- 


drome without the necessary justification of an etiologically associated viral 
agent. The purpose of the present study was to determine if cytopathogenic 
agents could be isolated from infants with croup and, if so, to assess their im- 
portance in the causation of the observed disease. 

Two filterable agents that produced an unusual “‘spongelike” cytopathogenic 


_ change were isolated in monkey-kidney tissue cultures from the pharyngeal 


swabs of 2 of 12 infants with croup, while isolation attempts in 16 infants with 


 nonrespiratory disease were unsuccessful (TABLE 1). On primary isolation, 


cytopathogenic changes were not observed until the 10th and 15th day after 
inoculation of throat-swab material. The incubation period shortened to 3 to 
5 days during the second culture passage, while virus from subsequent passages 
regularly produced observable changes by the third to fourth day with limiting 


infective doses requiring 5 to 6 days and, rarely, 7 to 8 days. Infected tissue- 
culture fluid from roller tubes or Roux flasks regularly contained 10® to 10° 


TCDsot per ml. 

The first change seen in infected cultures was the formation of a syncytial 
area with loss of cell boundaries, rapidly followed by a breaking away from the 
surrounding cell sheet. Numerous small vacuoles made their appearance in 
the cytoplasm and, together with the increased granularity that accompanied 


the loss of discernible cell structure, produced a picture best described as 


“spnongelike” (FIGURES 1 and 2). Within 24 to 48 hours of the first change, 
80 to 90 per cent of the epithelial sheet was affected and off the glass, while the 
remaining normal-appearing epithelium persisted in a “Swiss cheeselike” pat- 
tern. A similar sequence of events followed inoculation of human amnion 
cultures that proved, in a simultaneous test, to be 10 times more sensitive than 


~ monkey-kidney cultures in the detection of minimal quantities of virus. The 
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“snongelike”’ appearance of the cytopathogenic change just described has not 


~ been observed with other viruses studied in this laboratory, and it appears to 


be a unique feature of the agents isolated in this study. These agents will be 


referred to as CA viruses since they are croup-associated, the final etiologic 


linkage to the croup syndrome still awaiting more extensive future studies. 
Gradocol membrane filtration of the ‘“Greer” strain of CA virus gave a size 
of 90 to 135 mp. The CA viruses were stable at —70° C. for at least 5 months, 


* The work described in this paper was aided by a grant from the National Foundation for Infantile Paralysis, 


k, N. Y. : 
Ee ao piles and tables illustrating this article are reprinted from the October 1956 issue of the Journal of 


perimental Medicine. - 
eee CDs. = the amount of virus able to infect half of a given number of tissue cultures. 
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TABLE 1 


INCIDENCE OF Croup-ASSOCIATED (CA) Virus ISOLATION AND SEROLOGIC EVIDENCE OF 
INFECTION IN INFANTS (1) wiTH CROUP AND (2) wiTH NONRESPIRATORY ILLNESS 


Croup Nonrespiratory 
Month } 
Virus isolation | Antibody rise* | Virus isolation | Antibody rise* 
Otte 1955 ecco Eee 0/3 2/3 — —— 
INOW. L959:. cree ectel oasor eke erties 2/4 3/4 _— —_ 
Dees 1955). Sine ee 0/4 0/3 0/8 1/8 
Jans, 1956) .o% : byiterockon eens area 0/1 0/1 0/8 0/8 
Total. Hee, 2/12 5/11 0/16 | 1/16 


* As determined by tests with paired sera employing the monkey-kidney tissue-culture neutralization tech- ; 


nique and the HI procedure with serum treated with “‘receptor-destroying enzyme” (RDE). 


while overnight exposure to 20 per cent ether resulted in complete loss of in- 
fectivity. 

Fluid from infected cultures agglutinated chick erythrocytes (titers of 1:8 
to 1:64) and in lower titer human “‘O”’ red cells. Highest titers were obtained 
when the hemagglutinin dilutions were performed in borate saline buffered at 
pH 8.0 and the erythrocytes allowed to sediment at 4° C. Chick erythrocytes 
adsorbed 88 per cent of the hemagglutinin from the surrounding fluid at 4° C., 
while complete elution took place at 37°C. Concomitant with elution was a 
reversal of the positive agglutination pattern. However, when such cells were 
resuspended and allowed to sediment at 4° C., the original positive agglutina- 
tion pattern was restored. Five successive cycles of agglutination at 4° C. 
and reversal of agglutination at 37° C. were carried out with mixtures contain- — 
ing 1 to 32 units of hemagglutinin. The reaction of hemagglutinin and red 
cells appears to be a reversible temperature-dependent phenomenon; adsorp- 
tion and agglutination occurs at 4° C., and dissociation and reversal of aggluti- 
nation results from exposure to temperatures of 25° to 37° C. In addition to 
the reactions just described, CA hemagglutinin was capable of partially re- 


moving its receptors on the chick erythrocyte. This weak enzymatic effect | 


was demonstrable only when maximal concentrations of hemagglutinin (32 
units) were allowed to incubate with chick red cells for 24 hours at 37° C. and 


when the treated cells were tested with lesser concentrations of hemagglutinin | 


in the 1- to 8-unit range. When treated cells were tested with larger amounts 
of hemagglutinin, complete patterns of hemagglutination were observed. It 
is probable that the rapid reversible dissociation of virus from the red cell at 
37° C, is responsible for the limited enzymatic activity observed, since enzyme- 
substrate combination is a requisite for such activity. 

“Receptor destroying enzyme” (RDE) of Vibrio cholerae filtrate removed 
the receptors for the CA virus hemagglutinin from the chick erythrocyte. The 
quantity of RDE required to render chick red cells inagglutinable by CA hemag- 
glutinin was the same or slightly less than that required for an inflwenza A’ strain 
(FW-1-50) tested. ~RDE and NaIO, removed most or all of the “nonspecific 
inhibitor” for CA hemagglutinin present in certain sera, thus permitting use 


‘(OZ X) Ulsoe pue uyAxoyeUEY YIM poureys Swuntayjide Asupty-AayxUour UI SMITA WD jo 
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Ficure 2. (A) Normal monkey-kidney epithelium, unstained (120); (B) cytopatho- 
genic effect produced by “Greer” strain of a CA virus in monkey-kidney epithelium; un- 
stained (120). 


of the hemagglutination-inhibition (HI) technique for assay of specific antibody 
(TABLE 2). 

Multiplication of the “Greer” strain of CA virus occurred in the amniotic 
cavity of the 9- to 10-day-old fertile hen’s egg when a 5-day incubation period 
was employed (TABLE 3). Apparently, growth occurs at a slow rate in the 
amniotic cavity, since propagation could not be demonstrated when passages 


TABLE 2 


Errect OF RDE anp NalO, Upon Inutpiror ror CA HEMAGGLUTININ 
PRESENT IN CERTAIN SERA 


HI titer after indicated treatment 


Serum 
None RDE* None | NalOust 
NormalirabbitvA\4.<. aac chi ee See 80 <4) 160 40 
Monkey No. 9265 
PleimMmimiza toner eee eee 80 5 160 20 : 
postimmunization with CA virus............ 320 320 640 640 


* Incubation of equal volumes of undiluted serum and undiluted RDE (titer of 1:256) for 15 hoursat 37°C. 
} Incubation of 0.25 ml. undiluted serum and 0.15 ml. 0.1 M Nal, for 4 hours at 37° C, To stop the action 
of the periodate, 0.15 ml. 40 per cent glucose was then added. 


eee 
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TABLE 3 
PROPAGATION OF CA ViRUS IN THE 9- TO 10-Day-OLD EmBRYONATED Ecc 


Quantity of virus or hemagglutinin recovered 


Allantoic inoculation* Amniotic inoculation* 
Passage fs 
Three-day incubation Three-day incubation Three-day incubation 
ate ee Hemag- Virus he An Hemag- Virus TCDs0] temag- 
allantoic fluid glutinin saeuicidale glutinin on “quid glutinin 
1 1022+ ot 1012 0 1022 0 
2 <10°- 0 <10°-? 0 103-5 0 
3 <109.7 0 104-5 0 


* Original inoculum = 10° TCDso. 
+ As determined in monkey-kidney tissue culture. 
t Undiluted fluid (0.5 ml.) failed to hemagglutinate an equal volume of 0.25 per cent chick erythrocytes. 


were performed at 3-day intervals. The quantity of virus produced in the 


‘amniotic cavity was not sufficient to agglutinate chick erythrocytes. When 
a 3-day incubation period was employed, multiplication did not occur in the 
allantoic cavity. Pock formation was not observed following inoculation of 


the chorioallantoic membrane. 
The CA virus was not pathogenic for suckling (1-day-old) or weanling mice 


_ by intracerebral or other parenteral routes of inoculation. Intranasal instilla- 
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tion of 1047 TCD3so of virus failed to produce lung lesions in weanling mice, and 
a study of lung tissue removed after various intervals indicated that the virus 
did not multiply. 

Infants with croup from whom CA viruses were isolated developed HI, com- 
plement-fixation (CF), and neutralizing antibodies during convalescence 
(TABLE 4). Three additional patients, from whom no virus was isolated, ex- 
hibited a rise in one or more of the 3 varieties of antibody during the conva- 
lescent phase of illness. The CF and neutralization results were obtained with 
the standard techniques for these procedures. However, the conventional HI 


s technique of adding hemagglutinin and erythrocytes in rapid succession to 


dilutions of serum yielded HI antibody levels that were very low. The sensi- 


a tivity of the HI technique was increased considerably when it was discovered 


that incubation of immune serum with hemagglutinin for 2 hours at room 
temperature, before the addition of red cells, resulted in a fourfold increase in 


serum titer. 
The incidence of HI antibody in infants with nonrespiratory illness (25 per 


- cent) and in young adult males (90 per cent) strongly suggests that appreciable 
infection with the CA viruses occurs early in life and during childhood 


(FIGURE 3, TABLE 5). Failure to detect HI antibody in the sera of normal 
monkeys or chimpanzees and its high level in immunized monkeys lends sup- 


- port to the specificity of the HI procedure. The presence of HI antibody in 


various human sera and a serum-neutralizing titer of 1:16 or greater were well 


correlated, as shown in FIGURE 2. With a single exception, a neutralizing level 
greater than 1:16 was accompanied by HI antibody; conversely, with 2 excep- 
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TABLE 4 


Antrpopy RESPONSE OF REPRESENTATIVE INFANTS WITH Croup TO CA Viruses ISOLATED 
FROM PATIENTS GREER AND LORENTZ 


ee 


Reciprocal of antibody titer 
with indicated strain 
No. of 


a Day | ieee 
Category Vpn Patient Age after Greer Lorentz 
category onset 
HI* | CF |Neut.t} Neut.t 
Virus isolated. Neut., 2 Greer 11 mo. 3 <5) A We? 16 
HI, and CF rise. 23 80} 64] 64 48 
107 80 
Lorentz 4 mo. iS <5 | <4 8 8 
32 80 | 64] 64 32 
No virus isolated. Neut. 3 Cro. 3 mo. 4 <5 | <4 24 
and/or HI and/or CF 28 20 16 | 42 
rise. 60 20 
La. 22 mo. 5 <5) | <4 4 <2 
58 | 160} 64 | 256 128 
101 80 
No virus isolated. No 6 CE 30 mo. 1 <5 16 
antibody rise. 53 <5 10 
Mo. 18 mo. 5 <5 | <4 8 12 
25 <5 Wea eG 10 
Th. 29 mo. 8 a lh ee 4 


* Highest original dilution of RDE-treated serum which produced complete or almost complete inhibition of 


4 units of hemagglutinin. ate : : 
Serum titerso versus 32 to 320 TCDso of virus in monkey-kidney tissue culture. 
} Serum“titerso versus 64 TCDso of virus in monkey-kidney tissue culture. 


tions, the presence of HI antibody was associated with a serum-neutralization 
titer of 1:16 or greater. The specificity of neutralizing levels of 1:3 to 1:16 
is in doubt at the present time, since these levels are found in the sera of 90 
per cent of normal monkeys, and since neutralizing titers of less than 1:16 in 
human serum are not associated with the présence of HI antibody. Inactiva- 
tion at 56° C. for 30 min. could not be used to determine the specificity of neu- 
tralizing activity in human serum. Such treatment, although completely 
removing low-level neutralizing activity, produced a tenfold to sixteenfold re- 


TABLE 5 
INCENCE or HI Antrpopy For CA Virus IN CERTAIN HuMAN AND ANIMAL SERA* 
Setubensies ibe bale lininni teh Weis egress ey Mh oe Ree Sea a i IR 


Positive titer 


Species Category No. tested Eval 
Range Mean 
Human 21% to 34 months 16 25 10 to 80 38 
. 21 to 30 years 20 90 10 to 160 | 48 
Chimpanzee Normal 7 0 = _ 
Cynomolgus monkey Normal 10 0 == = 
After immunization 4 100 160 to 640 | 360 
with CA virus 


.* All sera except those of chimpanzees were treated with RDE. Five chimpanzee sera were tested untreated, 
while the remaining 2 were tested after NalO, treatment. 
} HI titer of 1:10 or greater. 
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TABLE 6 
RELATIONSHIP OF CA Virus TO THE Myxovirus GROUP 


Properties of myxovirus group Presence 
1. Hemagglutination of fowl red blood cells (RBC). ....-.-.-.-.++-- ++ 
2. Receptor-destroying enzyme associated with virus...............- + 
3... Destruction of RBC receptors by RDE: 22. <2 oo + 
4, Removal of “normal inhibitor’ from serum by RDE and periodate. . +- 
5. Growth in amnioticicavity of hen’s ep .cun cece tie a eee + 
6. Size 80 to: 150 ripe: as wa erento eae ree er eee ee + (90-135 my) 
7. Ether Sensitivesen orate ee ee eee + 
8. ‘Stable at = JOC. cc cies cle Soin choc con ur one een ee oH 


duction in potency of serum containing specific antibody. In contrast, the titer 
of monkey hyperimmune serum was unaffected by inactivation, while the low- 
level neutralizing activity of normal monkey serum was removed. Serum from 
7 normal chimpanzees was entirely free of neutralizing activity, thus permitting 
its use in studies dealing with the possible existence of a “‘heat-labile accessory 
neutralization factor.” With 1 of 4 heated immune human sera tested, the 
addition of fresh chimpanzee serum resulted in a partial restitution of the lost 


TABLE 7 
ANTIGENIC RELATIONSHIP OF CA Virus TO Myxovirus AND ADENOVIRUS GROUPS 


Agent Relationship How established 
Mumps Distinct CA hyperimmune monkey serum + mumps- 
soluble CF antigen Negative 
Mumps hyperimmune guinea pig sera + CA 
CF antigen 


Possible anti- | Two of five mumps patients developed low 
genic rela- CF antibody for CA virus 
tionship? Four of eight mumps patients developed low 
HI antibody for CA virus 
Mumps hyperimmune guinea pig sera—low- 
titer HI antibody for CA virus 
Influenza Not related A CA hyperimmune monkey serum + 
influenza A (PR-8) soluble CF antigen 
Conval. croup sera + PR-8 and FW-1-50 
hemagglutinins 
PR-8, FM-1, WRU-1-50, FLW-1-52 
rooster serum + CA hemagglutinin 
B_ CA hyperimmune monkey serum + in- || Negative 
fluenza B (Lee) soluble CF antigen 
Conval. croup sera + Lee and IBI he- 
magglutinins 
Lee and IBI rooster serum + CA he- 
magglutinin 
C_ Conval. croup sera + 1233 hemagglutinin 
1233 rooster serum + CA hemagglutinin 
Newcastle Not related Newcastle chicken serum + CA hemagglu- | Negative 


tinin 
Sendai Not related Sendai monkey serum + CA hemagglutinin | Negati 
RI-APC Not related CA monkey hyperimmune serum + RLAP eat 


CF antigen Negative 
Conval. croup sera + RI-APC CF antigen 
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neutralizing activity, suggesting that a “‘heat-labile accessory factor’? may 
play some role in the action of neutralizing antibody. 

The close relationship or identical nature of the 2 CA viruses isolated from 
infants with croup was established by their common tissue-culture and hemag- 


_glutination properties and by their antigenic similarity in tests with specific 


monkey antisera and with paired sera from infants with croup. 
As shown in TABLE 6, the properties of the CA viruses are consistent with 


- those required for classification in the myxovirus group.’ The evidence that 


the CA viruses are not antigenically related to influenza A, A’, B, or C, Sendai, 
or Newcastle viruses is presented in TABLE 7. CA virus is distinct antigeni- 
cally from mumps virus, but the existence of a possible common antigen was 
suggested when 2 of 5 mumps patients developed a fourfold CF antibody rise 
for CA virus, and 4 of 8 mumps patients exhibited a fourfold or greater HI anti- 


body rise for CA hemagglutinin. In addition, 3 of 4 pools of mumps-hyper- 


immune guinea pig sera inhibited CA hemagglutinin, while a normal (mumps 


_ negative) guinea pig pool and 7 pools of influenza A guinea pig sera did not. 
There was no evidence of any antigenic relationship with the adenovirus group. 
Other viruses which were not related antigenically either by neutralization or 


by hemagglutination inhibition included herpes simplex, the nonadenovirus 


- cytopathogenic agent recovered by Berge from cases of respiratory disease in 


California,’ the simian viruses of Hull: SVi, SV2, SVi, SVs, SV6; SVu SViz, 


and SVj; ,‘ distemper, and the 2 distinct chimpanzee agents associated with rhi- 


 nitis recovered by Sabin® and by Morris and Smadel.° 


Cae bh ie Ok) 
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The high incidence of CA virus infection in infants with croup suggests that 
this virus may be at least one of the etiologic agents of this clinical syndrome, 
but extensive control studies will be necessary to establish a specific etiologic 
association. The role of the CA virus in other forms of human respiratory 


- disease also awaits the results of future studies. 
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DISCUSSION: PART II 


John H. Dingle, Chairman 


Western Reserve University, Cleveland, Ohio 


J. T. Grayston* (Department of Medicine, University of Chicago, Chicago, : 


Iil.):¢ Our success in isolating the adenoviruses (formerly known as the APC 
viruses) from members of civilian groups has been as meager as that reported 
by other contributors to this monograph. In all, about 1 per cent of the 
throat washings examined in HeLa cultures yielded adenoviruses. Such sam- 
ples were obtained from 360 patients hospitalized with infectious diseases over 
a period of nearly 2 years. This group includes all hospitalized students of the 
University of Chicago, Chicago, Ill. Only one adenovirus (Type 3) was iso- 
lated, a very low yield even though many of the patients did not have respira- 
tory complaints. A survey of outpatients with upper respiratory tract infec- 
tions yielded 2 viruses in the university student group (one Type 2 and one 
Type 4) and 3 in a pediatric group (all Type 2). Of some interest was the 
Type 4 isolation from a civilian. This 20-year-old university student for 4 
days suffered a relatively severe pharyngitis with fever that once reached 
104° F. The Type 3 adenovirus was isolated from a hospitalized patient with 
only minimal pharyngitis and a clinical condition that included splenomegaly 
suggesting mononucleosis. The heterophile test was negative, and a <2 to 
128 rise was demonstrated in the neutralization test against adenovirus Type 3. 
We have not observed patients with conjunctivitis. In addition to adeno- 
viruses, 4 poliomyelitis viruses and 3 unidentified agents have been isolated 
from throat washings in HeLa cells, all but one from the hospitalized patients 
with acute febrile illnesses. 

Our experience with isolation of adenoviruses from tonsil specimens is similar 
to that described by Rowe, except for a smaller percentage of positive findings. 
Eight adenoviruses, Types 1 or 2, have been isolated from 25 specimens by use 
of Rowe’s so-called ‘unmasking” method. 


During the past one and one half years, co-operative studies have been carried — 


out by our group and the Naval Medical Research Unit No. 4 at the Naval 
Training Station, Great Lakes, Ill. We find in naval recruits the same fre- 
quent association of the adenoviruses with respiratory disease that Hilleman 
has described in army recruits. Serological studies were made on all men 
admitted to one dispensary for the period from September 1954 through 
August 1955.' Complement-fixation tests with adenovirus antigen on paired 
sera from these 1,013 patients revealed 40 per cent with significant rises. There 
was a variation through the year from very few rises (less than 10 per cent) in 
the fall of 1954, at the time of low admission rates for respiratory illness, to a 
high of 70 per cent of the patients in February and March. In contrast to 
Hilleman’s findings and previous experience at the Great Lakes Naval Training 


* Sometime Fellow of the National Foundation for Infantile Paralysis, Inc. 
t These studies were cafried out in association with C. G. Loosli, Paul Johnston, and Mabel Smith. They 
were supported in part by the Eli Lilly Company, Indianapolis, Ind., the Seymour Coman Fellowship Fund and 


the Kuppenheimer Fund of the University of Chi i i i i 
Paralya, Ine, New Yau New rsity o icago, Chicago, IIl., and the National Foundation for Infantile 
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Station respiratory admission rates remained quite high through the summer 
months, with about one half of the men showing complement-fixation rises 
against adenovirus antigen. 

Virus isolation studies confirm these serological results. Nasal washings 
were obtained from 280 recruits reporting to sick call with respiratory com- 
plaints. A total of 67 adenoviruses were isolated. Rowe has reported that, 
in the year prior to these studies, only adenovirus Type 4 was isolated at the 
Great Lakes installation. During the fall months of low prevalence of respira- 
tory disease, 4 Type 3 and 1 Type 5 were the only viruses isolated. During 
the rest of the year’s study, 29 Type 7 and 33 Type 4 adenoviruses were iso- 
lated. Type 7 isolations were associated with an epidemic of respiratory illness 
in January and February. After March, only Type 4 viruses have been found. 


_ This single type has continued through the 1955-1956 season of high incidence 


of respiratory disease. 

Of the 280 men studied at sick call, 95 were hospitalized at the dispensary. 
Fifty of the virus isolations came from the 95 recruits who were admitted to the 
dispensary, while only 17 adenoviruses were found in the nasal washings of the 
185 men not admitted, indirectly attesting to the relative severity of the infec- 


tion with adenovirus. All men from whom virus was isolated had a recorded 


temperature of 100° F. or greater. The mean temperature in the group was 
101.6° F. Symptoms recorded at the time the nasal washings were obtained 
showed that almost all recruits from whom adenovirus was isolated had sore 


throat (95 per cent) and cough (91 per cent). Many had nasal symptoms (75 


*. \ td tiene 


per cent), headache (70 per cent), and chills (72 per cent). Conjunctivitis was 
not seen. 

Complement-fixation antibody titer rises were demonstrated in 93 of the 
280 pairs of sera. All men from whom viruses were isolated had a complement- 
fixing antibody titer rise in their paired sera. In addition, homologous-neu- 
tralization antibody titer rises were found in all but 2 of these 67 paired sera. 
The 26 recruits whose paired sera showed complement-fixation antibody rises 
with adenovirus antigen, but from whom viruses were not isolated, had a mean 
temperature of 100.2° F., and only 77 per cent had sore throats. The men in 
this group were clearly less ill than those from whom virus was isolated. 

Four of the men admitted to the dispensary from whom adenovirus was iso- 
lated were found to have pneumonitis and were transferred to the base hospital 
with a diagnosis of primary atypical pneumonia. The rest of the admitted 
men had short illnesses with a 2-day mean duration of fever and were returned 
to duty, on the average, after 3 days. 

A study of the neutralizing antibody response to adenovirus infection has 


- been undertaken. Neutralization tests employing adenovirus prototypes 1 


through 10 as antigen have been performed with 53 paired human sera, all from 
persons suffering from respiratory illness and having an adenovirus isolated 
from their throat washings. Included are 5 serum pairs of patients from whom 
Type 3 virus was isolated, 25 that yielded Type 4, and 24 that yielded Type 7. 
Fourfold neutralizing antibody rise against the isolated type was found in all 
but 2 pairs, 1 from a patient yielding Type 4, and the other yielding Type 7 
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virus. Both of these patients had neutralizing antibody against the virus type 
isolated in their acute serum sample. Thirty-nine of the serum pairs showed 
fourfold neutralization rises against APC types other than the homologous 
type. From 1 to as many as 7 such heterotypic rises were observed with the 
9 nonisolated types. 

Some heterotypic rises were observed with each adenovirus antigen Type 1 
through 10. The most frequent heterotypic rises were seen with antigen Types 
3 (44 per cent), 4 (39 per cent), and 6 (28 per cent). The other 7 types had 
from 13 to 19 per cent heterotypic rises. The heterotypic rises observed with 
antigen Types 2 and 6 were almost all in the persons from whom a Type 4 adeno- 
virus was isolated, while the rises against Type 8 antigen were predominantly 
in those persons from whom Type 7 was isolated. The total number of hetero- 
typic rises in sera from patients yielding Types 4 and 7 virus were nearly identi- 
cal, coming respectively to 23 and 22 per cent. Only 9 per cent heterotypic 
rises were found in the few Type 3 infections. 

Neutralizing antibody in the acute serum samples was present at the level of 
a serum dilution of 1:2 in over 50 per cent of the men with antigen Types 1, 2, 
3,5, and 6. Considerably less acute serum antibody was found against Types 
4 and 7 (about 20 per cent). No acute serum showed antibodies against Type 
9, while 6 (11 per cent) showed Type 10, and 5 (9 per cent) showed Type 8 anti- 
bodies. High titer (1:16 or greater) acute serum neutralizing antibodies were 
associated almost exclusively with Types 1, 2, 3, and 5 in these patients. It 
must be emphasized that these percentages were obtained on a select group of 
persons; namely, those undergoing respiratory-tract illness with adenovirus 
isolation. Studies this year of the sera of whole companies of naval recruits at 
the beginning of their training have shown as high as 90 per cent neutralizing 
antibodies against Type 7, offering an excellent explanation for the failure of 
Type 7 to be associated with disease this year at the Great Lakes naval base. 

In an effort to determine the reason for the frequent heterotypic rises, the 
association of the presence of acute antibody with heterotypic rise was exam- 
ined. There was a total of 103 heterotypic rises. Forty-two of these rises 
occurred in the presence of acute antibody at the 1:2 level while 136 other tests 
for heterotypic rises where acute antibody was present failed to show rises. 
Therefore there was a 24 per cent (42/178) heterotypic rise in the presence of 
acute antibody. This compares with a 20 per cent (61/299) heterotypic rise ; 
in the absence of acute antibody, which is not a significant difference. The — 
possibility that acute antibody at less than the 1:2 level predisposes to hetero- 
typic rise is likewise not supported by the data. For example, while Types 3 
and 4 had the most frequent heterotypic rises, Type 3 had a very high per- 
centage of acute antibody, and Type 4 had a quite low percentage. 

These results of neutralizing antibody response to adenovirus infection would 
suggest that there exists some relationship of neutralizing antibodies among 
adenovirus Types 1 through 10 which is not apparent in type-specific rabbit 
antisera. These studies of 53 patients offer no clear pattern of cross reaction 
and no explanation of the frequent heterotypic responses. 
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Nakao Isuipa (Tohoku University, Sendai, Japan): At the Third General 


Meeting of the Society of Japanese Virologists held in Kyoto in April 1955, it 


was agreed that the virus known previously as either the newborn pneumonitis 
virus (type Sendai), or the hemagglutinating virus of mice, would be tentatively 


a designated the hemagglutinating virus of Japan (HVJ). 


The present discussion summarizes several recent publications and personal 
communications from a number of Japanese researchers. Recent advances in 
our knowledge of HVJ were reviewed at the First Japanese Symposium on 


HVJ held in Tokyo on June 1, 1956. 


Fourteen sporadic cases of pneumonitis were observed in the pediatric clinic 
of Tokyo University, Tokyo, Japan, from October 1953 to February 1954. 


- Almost all cases occurred in children less than one year of age. Ten of the 14 


patients died. After some prodromal symptoms similar to those of the com- 
~ mon cold there occurred a sudden onset of fever, dyspnea, and cyanosis. After 


2 to 4 days these patients became comatose, had generalized convulsions, and 


died. Many of them: had vomited (coffee-grounds vomitus). In each case, 


autopsy revealed the hemorrhagic and interstitial type of pneumonitis. 

The virus was first isolated in mice (Kobayashi strain) inoculated intra- 
nasally with the patient’s serum. Later, 2 strains were isolated from blood by 
amniotic inoculation in eggs. All viruses isolated were antigenically identical 
with HVJ. 

In the summer of 1953, there was an outbreak of a meningitislike disease in 
the children of Hokkaido Island. Morihide Yamada of Hokkaido University, 
Sapporo, Japan, directed the study at this time. 

The onset of this disease was sudden. The patients’ temperatures rose to 


. points between 100 to 104° F. and, for 2 or 3 days, they had meningeal signs. 
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Tn mild cases headache and vomiting were the principal symptoms but, in more 
severe cases, other signs of meningeal irritation were evident. Although the 


" spinal fluid was clear, pleocytosis due to an increase in lymphocytes was com- 


mon. Using cerebrospinal fluid, 7 strains of HVJ were isolated in mice. There 
were no deaths reported in this outbreak. 

In 1954, a similar epidemic occurred in Aomori prefecture (this prefecture is 
the part of Honshu Island nearest to Hokkaido Island). Five strains of HVJ 
were isolated in eggs, using throat washings, cerebrospinal fluid, or blood as the 
inoculum. Although detailed serological results are not available, a rise in 


- hemagglutination -inhibition (HAI) and complement-fixation (CF) antibody 


was evident in these cases. ir 

A total of 9 healthy adults have been studied at Kyushu University Hos- 
pital, Fukuoka, Kyushu, Japan. Each individual received an intranasal instilla- 
tion of 1 ml. of infected allantoic fluid containing from 512 to 2048 hemagglutinin 


units of HVJ, strain Akitsugu. 
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Five of the volunteers received virus that had been passed numerous times in 
eggs. The resulting illness in these cases was not unlike influenza. However, 
the latent period (8.5 to 11.5 hours) and the duration of high fever was short. 
The highest temperatures observed were between 101° and 103° F. Attempted 
reisolation of the virus from members of this group was unsuccessful. During 
convalescence, 3 of the 5 subjects had a significant rise in HAI antibody against 
the homologous strain of virus. Because an egg-adapted virus was used, the 
investigators have suggested that the above symptoms may be at least partly 
attributable to the toxicity of the virus. 

A virus that, following isolation, had been passed very few times in eggs was 
used to infect the remaining 4 volunteers. Once again the symptoms were 
similar to those of influenza, but were more severe. During convalescence a 
significant rise in antibody was demonstrated in all 4 volunteers. HVJ was 
reisolated from 2 of them by inoculating throat washings into eggs. Based on 
previous volunteer experiments using Types A and B influenza virus, the au- 
thors concluded that the efficiency of producing clinical symptoms in man is 
much greater with HVJ than with influenza virus. 

Thus, a virus that can be detected in sporadic or epidemic cases occurring 
in infants may cause an influenzalike disease in adult volunteers. However, 
the cause of death in the newborn does not seem to be attributable to such a 
virus. In the spring of 1956, at Tohoku University Hospital, Tohoku, Honshu 
Island, Japan, investigators observed, in children, sporadic cases of a pneumo- 
nitis not unlike those that had occurred in 1952. Seventeen cases were ex- 
amined, and 4 cases that came to autopsy were studied. From each of these 4, 
influenza A was isolated. Autopsy findings revealed a hemorrhagic and inter- 
stitial type of pneumonitis and leptomeningitis. These findings were compara- 
ble to those in cases of HVJ in 1952. 

A serological survey throughout Japan was done by Hiroshi Kikuchi, and 
it revealed a fairly wide distribution of the virus. Unfortunately, space does 


not permit discussion of the work of Jiro Sasahara on the related disease of 
swine. 


Crayton G. Loos, (University of Chicago School of Medicine, Chicago, IIil.): 
One of the most welcome contributions to the conference on which this mon- 
ograph is based was the recommendation that the term “adenovirus” be em- 
ployed to designate a “family” of viruses of the respiratory tract referred to 
under a variety of names such as adenoid degeneration (AD), respiratory ill- 
ness (RI), and adenoidal-pharyngeal-conjunctival (APC) agents. The adeno- 
viruses are related by virtue of a common complement-fixing antigen, ether 
resistance, apathogenicity for laboratory animals, and production of charac- 
teristic cytopathogenic changes in cultures of human and monkey kidney epi- 
thelial cells. These agents have been recovered from human, chimpanzee, and 
rhesus and cynomolgus monkey sources. Complement-fixing antibodies have 
been found in guinea pigs. On the basis of the neutralization test, 17 serolog- 
ically distinct types of adenoviruses are now recognized. 

The adenovirus agents in man appear to be widespread, having been isolated 
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from many different geographical areas in the United States and Canada, Eng- 
land, Holland, Sweden, Russia, and Arabia. Adenovirus Types 1 through 6 
have been isolated from cultures of adenoid and tonsillar tissues removed from 
children. In illness surveys among children, these strains also have been iso- 
lated frequently from throat swabs in HeLa cell cultures. Types 1, 2, and 5 
have been repeatedly associated with infections of the upper respiratory tract 
in infants. Type 3 adenovirus has been frequently observed in association 
with a febrile illness associated with pharyngitis and conjunctivitis. Types 4 
and 7 have been isolated almost exclusively from throat swabs or nasal wash- 
ings from military personnel, mainly recruits. Types 6, 8, and 10 have been 
isolated from individuals with severe eye infections, while adenovirus Types 
9, 11, and 12 were isolated from stool specimens in surveys for poliomyelitis 
viruses. 

Serological surveys indicate that antibodies to adenovirus Types 1 and 2 
appear early and are present in the majority of young children, while antibodies 
to Types 3, 4, 5, 6, and 7 occur most frequently in adult sera. Antibodies to 
the higher types are observed only rarely in human sera. 

It was generally recognized that much more information was needed before 
adenovirus Types 1, 2, and 5 could, without question, be etiologically associated 
with illness in infants. On the other hand, several adenovirus types have now 
been associated with clinical entities in older age groups on the basis of virus 
- isolation and specific antibody response at the time of illness. Type 3 adeno- 
virus has been shown to be the cause of epidemic outbreaks of pharyngocon- 
junctival fever, sporadic cases of simple catarrhal conjunctivitis, nonbacterial 
pharyngitis, and acute undifferentiated respiratory disease in military recruits. 
Adenovirus Types 4 and 7 have been shown to be the principal causes of re- 
spiratory disease in military recruits. Types 6, 8, and 10 have been etiologi- 
cally associated to simple catarrhal conjunctivitis. Type8 adenovirus has been 
associated frequently with severe keratoconjunctivitis. Adenovirus Types 3 
and 5 have been isolated from the stools in cases showing aseptic meningitis, 
acute febrile respiratory disease associated with diarrhea, and mesenteric adeni- 
tis. Because adenovirus strains may persist in the stools for many weeks, the 
~ question was raised as to whether they should not also be considered as members 

_ of the group of ECHO agents. 

It has been pointed out in this discussion that, thus far, no significant anti- 
genic variation, such as has been observed with influenza A and B viruses, has 
been noted in the adenovirus types on the basis of serological studies on speci- 
mens collected as early as 1940. It has been noted frequently that infections 
in man due to a given adenovirus type may give rise to considerable heterolo- 
‘gous antibody response to other types, particularly those from 1 to 7. This 
rise seems to occur independently of the presence of acute antibody to the 
heterologous strain. The significance of these heterologous responses, which 
actually may be greater than the antibody response to the infecting adenovirus 
type, can only be determined by further study. 

Experimental studies were reported to show that formalin-inactivated adeno- 
virus Type 3 vaccine produced antibody responses sufficient to protect against 
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specific infection when the virus was dropped on the conjunctivae of human 
volunteers. A preliminary report was also made by Hilleman showing that a 
polyvalent vaccine composed of Types 4 and 7 was highly effective in preventing 
acute respiratory infections due to Type 4 adenovirus among military recruits. 
The observations made by Hilleman agree with those of another study con- 
ducted by Bell and his associates at the Naval Training Station, Great Lakes, 
Ill. 

While it is recognized now that the adenovirus agents, along with influenza 
viruses, cause the majority of viral infections among military personnel, acute 
respiratory diseases caused by other unrelated and as yet unidentified viral 
agents frequently occur. One such agent has been described elsewhere in these 
pages by Mogabgab. 

The adenovirus agents have been associated far less frequently with nonbac- 
terial acute febrile illness in civilian groups, as was pointed out earlier in these 
pages by Jordan and his associates in presenting their studies of respiratory 
disease in family groups in Cleveland, Ohio. These investigators reported that 
influenza viruses and adenoviruses accounted for only a very small proportion 
of illnesses over several years of observations. 

Chanock, in his paper, has reported a new type of cytopathogenic agent asso- 
ciated with infantile croup—CA virus. Similar agents have been isolated by 
A. J. Beale at the Hospital for Sick Children, Toronto, Ont., Canada, from 
infants showing the well-defined clinical syndrome of croup. These agents, on 
the basis of their ability to agglutinate chicken erythrocytes, as well as their 
other characteristics, appear to fall into the classification of myxoviruses. 
However, no antigenic relationship to influenza Types A, A’, B and C, New- 
castle, or Sendai viruses was observed. There was a suggested relation with 
the mumps virus. 

The role of the Sendai virus in producing acute respiratory disease in man 
has been reviewed here by N. Ishida, its discoverer. The Sendai virus was first 
isolated from the lungs of newborn infants dying of interstitial pneumonitis in 
Japan in 1952. K. E. Jensen and his associates at the University of Michigan, 
Ann Arbor, Mich., made extensive serological surveys for the presence of anti- 
bodies against this agent in the United States.1_ They found that it was wide- 
spread geographically. Antibodies were not present in newborn infants, but 
appeared at an early age and increased in frequency so that 40 per cent of the 
population over 18 years showed evidence of infection with this agent. The 
Sendai virus also falls in the classification of the myxovirus group. It has not 
as yet been isolated in this country. 

Sabin has called attention to 2 other unrelated viral agents isolated from 
chimpanzees with rhinitis that also probably produce infections in man. Anti- 
bodies against these agents were present in 90 per cent of the sera of young 
adults, while they were essentially absent in sera of infants up to one year of age. 

It was recognized that great strides have been made through the use of tissue- 
culture procedures in establishing “host-virus-disease”’ relationships with re- 
spect to acute respiratory disease in man. Some of the new adenovirus agents 
appear to have found their respective diseases, while others are still searching. 
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At the same time, as pointed out by the chairman of this section, John H. Din- 
gle, there are many respiratory diseases still in search of viruses. These agents 
will be found only when new and more sensitive methods of isolation and de- 


tection are developed. 
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Part III. ECHO Viruses 


PROBLEMS RAISED BY CERTAIN ECHO VIRUSES IN THE 
ATTEMPTED LABORATORY DETECTION OF POLIOMYELITIS 
VIRUS INFECTION* 


By W. McD. Hammon, E. H. Ludwig, R. A. Pavia, L. W. McCloskey, 
and G. E. Sather 
Graduate School of Public Health, University of Pittsburgh, Pittsburgh, Pa. 


The Committee on the ECHO Viruses of the National Foundation for In- 
fantile Paralysis, Inc., New York, N. Y., did not attempt to present an exact 
definition for the ECHO viruses, although it enumerated the properties pos- 
sessed in common by the originally described 13 agents comprising this new 
group.!_ The name ECHO viruses stands for Enteric Cytopathogenic Human 
Orphan viruses. The common properties listed are: ‘‘(1) they are cytopatho- 
genic for human and monkey cells in culture; (2) they are not neutralized by 
pools of the three types of poliomyelitis antiserum; (3) they are not neutralized 
by antisera for Coxsackie viruses that are known to be cytopathogenic in tissue 
culture, and they fail to induce disease in infant mice; (4) they are not related 
to other groups of viruses recoverable from the alimentary tract (throat or in- 
testine) by inoculation of primate tissue culture ... ; (5) they are neutralized 
by human gamma globulin and by individual human serums”; and (6) it is 
stated that “if and when any one of the established types is identified as the 
etiologic agent of a clinically distinct disease, it will be removed from the 
ECHO group of viruses.””! 

This part of this monograph was planned to deal with agents expected to fall 
within this group. The emphasis in this first paper will be on the problems 
that these agents present when one attempts to detect or exclude poliovirus 
infection through laboratory methods that utilize tissue culture. 

These problems became most acute for us in the fall of 1953 when we began 
to process 33,000 frozen specimens of serum, rectal swabs, and throat swabs 
obtained during a 4-month study of several population samples on or near 
a United States Air Force base in the Republic of the Philippines. The pur- 
pose of testing these specimens was to detect, as nearly as possible, every 
unapparent or clinical infection with poliovirus that occurred in any person 
included in our population samples during this 4-month period. In general, 
blood sera were gathered every 4 weeks, and rectal and throat swabs were 
collected every 2 weeks during 9 clinic visits. Swabs were tested for virus in 
monolayer cultures of trypsinized monkey-kidney tissue and observed for 
cytopathogenic effects. When a cytopathogenic agent was obtained and could 
be passed serially, an attempt was made in the usual way, utilizing the 3 types 
of poliovirus antiserum, to determine whether it was a poliovirus. Serological 

* These studies, aided bya grant from the National Foundation for Infantile Paralysis, Inc., New York, N. Y. 
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tests with the series of blood sera were made for both neutralizing and comple- 
ment-fixing antibodies, the latter using the concentrated, heated antigens 
described by Svedmyr et al. 

The first problem arose very early in our virus-isolation work. It was suffi- 


ciently difficult to lead us to stop all virus isolation attempts for several 


months. Many cytopathogenic agents were isolated from the rectal swabs, 


_ but very few were typable as polioviruses. In several instances the serial 


bleedings from an individual gave unquestionable serological evidence of 
poliovirus infection but, at the time when poliovirus was to be expected in the 
stools, only a nontypable agent was encountered. These findings led us to 
consider the possibility that, at times, these other agents were interfering with 
growth of poliovirus in the cultures, or were growing together with it and might 
thus prevent typing of the poliovirus. 

It was felt that, if we were repeatedly isolating only a few different agents, 
it would be relatively simple to prepare an antiserum against each. These 
sera could be pooled and added in low dilution to the rectal-swab suspension, 
incubated, and then inoculated into the tissue-culture tubes for poliovirus 
isolation. 

To identify and compare these early isolates, 10 of the agents were selected 
and an antiserum was prepared for each in rabbits or monkeys. Cross- 


neutralization tests were performed after each agent had been titrated and the 


potency of each specific antiserum determined, A few other viruses, against 
which antisera had not been prepared, were included in the tests. Results 
such as those shown in TABLE 1 were obtained. For the purpose of simplifica- 
tion, this table is not complete, and shows results for only 6 of the isolates. 
Most of the agents so tested proved to be closely related, and one isolated from 
individual 2-165 was selected as the prototype for this group. Three of these 
agents are shown in the table. Two additional strains, represented here only 
by 2-242, proved to be identical, but were unrelated to any others. Viruses 
9-85 and 2-188 were each unrelated to one another or to the others shown here. 
However, as observed in TABLE 2, an agent from individual 2-100 produced an 
antiserum that neutralized 2-85, yet 2-100 virus was not neutralized by 2-85 


TABLE 1 
Cross-NEUTRALIZATION TESTS* 


Antiserum 

Virus 

2-165 "2-67 2-54 2-85 2-188 2-242 
2-165 444+ | t+4++ ++ 0 0 0 
2-67 444+ | 444+ ] ++ 0 0 0 
2-54 ++4+ | 444+ | +4+++ | 0 0 0 
2-85 0 0 0 + 0 0 
2-188 0 0 0 0 Ss eeipetecie 0 
2-242 0 Oza 0 0 0 Seats 


* One hundred and 1000 TCD6so of each virus were tested with both a 1:10 and a 1:100 dilution of each serum. 
Meiltrslization of 1000 TCDs0 by the 1:100 serum dilution is indicated by +++, and no neutralization of 100 
TCDso by the 1:10 serum dilution as 0. Intermediate degrees of neutralization are proportionally indicated by 


++ and +. : 
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TABLE 2 
Cross-NEUTRALIZATION TESTS* 


Antiserum 
Virus 
2-100 2-85 2-188 2-165 

2-100 = oe 0 0 0 
2-85 Steals Ne 0 0 
2-188 a 0 es 0 
11-4 fe ND ++ 0 
11-5 ae ND ate 0 


* One hundred and 1000 TCD6so of each virus were tested with both a 1:10 and a 1:100 dilution of each serum. 
Neutralization of 1000 TCDso by the 1:100 serum dilution is indicated by ++-++, and no neutralization of 100 
TCDso by the 1:10 serum dilution as 0. Intermediate degrees of neutralization are proportionally indicated by 
++ and+. ND -not done. 


antiserum. A similar, questionable one-way cross occurred with 2-188 virus. 
Next, it was noted that viruses 11-4 and 11-5 were neutralized at least partially 
by 2-100 serum, but each was also neutralized by 2-188 antiserum and not by 
other sera. This suggested that 2-100 was a mixture of 2-85 and 2-188. Sub- 
sequently, the 2-100 isolate was proved, by the immunological methods de- 
scribed elsewhere in these pages by Melnick, to be a mixture of these 2 strains. 
The 2 agents were separated, and each was identified. 

Later, when we began to exchange our agents or sera with Sabin and Melnick, 
we found that our prototype 2-165, representative of our largest group (5 out 
of the first 10), was similar to Melnick’s Farouk strain from Egypt (now 
ECHO 1). Our 2-242 was determined to be Coxsackie A9. However, 2-85 
and 2-188 (now ECHO 12 and 13) were distinct from all isolates of others in- 
volved in the exchange. We have now identified 3 strains of ECHO 12 and 4 
of ECHO 13. 

Before this typing work was completed, in order to progress with isolations, 
we immunized rabbits simultaneously with a group of early untyped isolates, 
including those shown in the tables accompanying this article. This poly- 
valent serum neutralized most of the agents in the group used as inoculum when 
they were individually tested against it. The serum, although not of very high 
titer, was used for a while to attempt to suppress agents other than poliovirus, 
but nonpolio agents were still isolated. When ECHO 1 agents were found to 
predominate heavily, a potent antiserum against this one virus was used; 
nevertheless, many other isolations were made, although generally not of this 
specific type. 

In an attempt to determine what importance, if any, ECHO 1 virus might 
have in interfering with poliovirus isolation, an experiment was performed as 
shown in TABLE 3. Mixtures, in varying concentrations, of Type 2 poliovirus 
and Type 1 ECHO virus were prepared and inoculated into monkey-kidney 
tissue culture tubes. The titer of each of these 2 viruses was exactly 10-°. 
Dilutions representing 10 to 1000 TCD50* doses (1 log to 3 logs) of each were 
used in 9 different combinations. After complete destruction of tissue by all 
the virus mixtures, poliovirus outgrew the ECHO virus only once, and that was 


* TCDso = the amount of virus able to infect half of a given number of tissue cultures. 
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TABLE 3 


TITRATIONS WITH AND WirHouT SpEcrFic ANTISERA OF MIxTURES OF POLIOVIRUS 
Type 2 anp ECHO Virus TyrE 1 IN VARYING CONCENTRATIONS 


| Virus titers 


Antiserum 


a cele pete lites |(mecse cet sees Ne cet il rs ta iar Rea ea ey es a) les | 
Bee Se) elec ee bole habeied |e (ee 
3.0* | 3.0 | 2.0 | 3.0 | 1.0 | 3.0 | 3.0 | 2.0 | 2.0 | 2.0 |1.0 | 2.0) 3.0 1.0 | 2.0 | 1.0 |1.0 | 1.0 
ECHO 1 Ai 4.0 shh 5.0 AT Nee 570) 450. \ 3 
ols at Aes, 5.0 >5.0 >5.0 5.0 5.0) 520 4.0 S520") 520 
None. . >5.0 >5.0 >5.0 >5.0 > 52 Olean Olle 580): SAO aed 


* Log TCDso of virus. 


in the cultures inoculated with 100 times more poliovirus than ECHO virus 


\ 


(TABLE 3, Pol. 3.0, ECHO 1.0). The amount of each virus present was deter- 
mined by titrating the harvested culture fluids separately in the presence of 


~ each of the 2 specific antisera so that only 1 agent would grow out in each 


titration. The presence of 1 virus could be readily missed during typing if it 


were originally present in small quantity; the mixtures in nearly equal quantity 


would not be typed as either agent, but would fall into an untypable category. 
TABLE 4 presents a hypothetical illustration of the former possibility when 10 


- TCDs0 of poliovirus Type 2 and 1000 TCDso of ECHO virus Type 1 were 


mixed. This mixture appears in TABLE 3, and the results are also reproduced 
in TABLE 4, except that titers previously shown as >5.0 are now shown as 5.0 
for the sake of simplicity. When titrated in the presence of ECHO 1 anti- 
serum, the final harvest titered 107” (poliovirus titer); when titrated in the 
presence of poliovirus Type 2 antiserum, it titered 10-* (ECHO virus). With- 
out either antiserum the fluid also titered 10-°. To type such an isolate, as a 
matter of routine we first titrated the culture fluid for infectivity, then used 
100 TCDsy for typing with pooled polio antiserum and pools of ECHO and 
Coxsackie virus antisera. One hundred TCDs0 of this mixture, a dilution of 
10-3, would contain only 0.05 TCDs50 of poliovirus, so this agent would have 
typed without difficulty as ECHO Type 1; consequently, the poliovirus in the 
original rectal swab, although actually growing or persisting in the original 
tissue culture, would have been missed. As a result of this, we conclude that 
to be certain to isolate and identify poliovirus, pools of known ECHO and 
Coxsackie antisera could be added to various aliquots of the stools to inhibit 
all other known viruses that might be present. This is not as simple as making 


TABLE 4 
HivpoTHETICAL TyPInc TEST 


Antiserum Original virus titer TCD 0 of inoculum 


* Log TCDso of virus. 
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inhibiting media for E. coli when seeking Shigella or Salmonella, but the prob- 


lem is somewhat parallel. 

To give some measure of the magnitude of this nuisance caused by other 
viruses and their prevalence in our study, let us examine some of the results. 
Although antisera were used to prevent the isolation of ECHO virus Type 1 
during most of the study, and although sera against certain others also were 
used for a shorter period, we isolated 232 nonpolio agents while isolating 45 
polioviruses. In certain population groups the isolation rates were very high 
even with the repressive methods used. For example, from a group of 56 
Filipino children under 3 years of age occasionally attending a well-baby clinic 


at 2-week intervals, a total of 147 rectal swabs was tested and 61 viruses were 


isolated, representing a 42 per cent isolation rate from all specimens tested. 


Seventy-seven per cent of the children yielded virus at least once. Three of 


the agents isolated were poliovirus Type 3; 14 were ECHO Type 1 (despite the 
antiserum added); and 44 are not yet identified. 
In another Filipino village, only 1 rectal swab was obtained from each of 


111 normal children under 6 years of age. Thirty viruses were isolated, repre- — 


senting a 27 per cent yield, again principally in the presence of ECHO Type 1 
antiserum. There were 10 Type 2 polioviruses, a 9.1 per cent unapparent 
infection rate in an area with no recognized paralytic cases; 2 ECHO Type 1; 
and 18 agents not yet identified. Because of the coexistence of other agents 


present in 18 to 43 per cent of all specimens tested, we shall probably never — 


know how many polioviruses were actually present in children of either of these 
groups. Had we not added antisera to our fecal suspension, the isolation rates 
probably would have been still higher. 

The next problem that gave us concern was whether our prototype agents 
actually came from the rectal swabs or from other sources. 


This was readily settled for ECHO 1, Coxsackie A9, and ECHO 12. In each . 


instance there was a rise in neutralizing antibody demonstrated in the serial 
blood sera of the person from whom the isolation was made and, in 2 instances, 


a parallel isolation and antibody rise occurred in a sibling. For ECHO 13 this — 


was more difficult because the original isolation came from the last specimen of 
the series collected, and no antibody was detectable at that time. Two other 


isolations of this agent came from Filipino children from whom serial blood sera | 


were not collected. However, serological rises have been demonstrated for 
ECHO 13 in other persons, and it is neutralized by human y-globulin. 


Next, it was natural to speculate whether any of these agents produced | 
disease in man. Since all were isolated from supposedly normal persons, it was _ 


necessary to seek the evidence from other sources. Aseptic meningitis and 
poliomyelitis were considered as possible disease entities for study. Each 


year a number of such cases occur at the United States Air Force base from 


which the viruses came, so specimens of sera from cases that had occurred in 
1954 and 1955 were examined for serological rises. Japanese B encephalitis, 
mumps, and lymphocytic choriomeningitis had usually been eliminated by 


prior tests made at the United States Army’s 406th Medical General Labora- _ 


tory in Tokyo (now in Zama), Japan; we then tested the sera first for polio- 


_ 
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TABLE 5 
SEROLOGICAL TESTS ON PATIENTS wiTH ASEPTIC MENINGITIS 


came eee ates Neutralizing antibodies 
onset] 

A Cox. A9 ECHO 1 ECHO 12 ECHO 13 
R.E., age 22 2 32* <4 8 <4 
15 32 <4 32 <4 
_W. H. O., age 29 2 <4 32 <4 4 
15 <4 1024 <4 4 
. 54 <4 128 <4 <4 
_ J.N.S., age 27 2 16 <4 <4 8 
7 32 & 16 8 
14 32 16 32 16 
. 47 32 4 4 16 


_ by using antiserum pools. 
_ possible, against 


- clinical syndrome such as asept 


* Reciprocal of serum dilution giving 50 per cent end point in neutralization of 100 TCDso of virus. 


myelitis, using both neutralization and CF tests. Paralytic cases could gen- 
erally be confirmed as poliomyelitis, but those clinically diagnosed as non- 


_ paralytic could not be shown to be caused by a poliovirus. In most instances, 


however, these latter did have rising antibodies to one or more of the 4 agents 


jsolated from that area. A sample of these results is shown in TABLE 5. 


The very pertinent question now is: what amount of evidence is required 
to establish, with a reasonable degree of certainty, the etiologic role of a new 
organism? Since this is the topic of the next part of this monograph, we shall 


‘not attempt to discuss it here but shall simply state that, in our opinion, the 


evidence just presented is not adequate to establish etiological relationship, nor 


_ would it have been adequate had we isolated these agents from the stools of the 
patients. 


In conclusion, ECHO and Coxsackie viruses have proved to be a real nuisance 


and probably a source of considerable error in conducting studies to detect 
poliovirus infection rates through virus isolation. This difficulty has arisen 
with the use of tissue culture. When monkeys were employed for virus isola- 
~ tion this difficulty was not encountered. Coxsackie viruses appeared when 
suckling mice came into use, and Orphan and ECHO viruses came with tissue 


culture. We do not recommend a return to monkey inoculations, but we must 
recognize the difficulties associated with using this new technique. 

Studying all isolates for virus combinations is difficult and time consuming. 
The virus present in the smallest amounts may never be detected. Thus, if one 
specific agent is sought, methods should be employed to inhibit others. Cer- 
tain strains now recognized can be inhibited, if not present in excessive amounts, 


To establish its origin, any new agent isolated should be checked, when 
the sera of the individual from whom the isolate was made. 


on that the causal relationship of a new agent with a common 


It is our opini 
ic meningitis is not established by the isolation 
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of the agent from stools or by the demonstration of an increase in antibody titer 
in one or a few individuals studied. 
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CLINICAL ASSOCIATIONS OF ENTERIC VIRUSES WITH 
PARTICULAR REFERENCE TO AGENTS EXHIBITING 
PROPERTIES OF THE ECHO GROUP* 


By Sidney Kibrick, Luis Meléndez,{ and John F. Enders 


The Research Division of Infectious Diseases, The Children’s Medical Center, Boston, Mass. 


INTRODUCTION 


During the 5-year period from 1949 to 1954, single fecal specimens from 


~ over 300 patients were examined in the laboratory of the Children’s Medical 


Center for the presence of viral agents. The patients were all resident in 
Massachusetts and, in most instances, a diagnosis of poliomyelitis was under 


consideration when a given specimen was obtained. By tissue-culture tech- 


aS! 


“niques employed as routine,! poliovirus was recovered from 173 of these pa- 
tients. From 72 of the remaining specimens, cytopathogenic agents that could 
“not be classified as representatives of any of the well-known viruses were 


isolated. Since the first of these were encountered,” other investigators have 


reported the isolation of similar agents under similar conditions, and a large 
‘number of them that share certain common properties have been defined and 
designated provisionally as the ECHO group*. In this paper we present the 


5 results of studies made on most of the agents not recognizable as poliovirus 
and a description of the clinical manifestations exhibited by the patients from 
_ whom these strains were recovered. 


A large proportion (86 per cent) of these unidentified viruses were isolated 


¢ from materials collected during the years 1951 and 1954. This temporal 


distribution suggested the possibility that, in each of these years, a single species 
or antigenic type of virus was associated with the majority of cases. Accord- 


ingly, experiments were first undertaken to determine whether the agents 


~ recovered in 1951 and 1954 were closely related or identical, as indicated by 
cytopathogenic properties and antigenic composition. Subsequently the 


possible relationship of agents occurring during the other years to those of 1951 


~and 1954 was investigated. 


MATERIALS AND TECHNIQUES 
Method of approach. We considered that the existence of such relationships 


- might be revealed most conveniently be means of the following procedures: 


(1) arbitrary selection of a few agents isolated from the materials of 1951 and 
1954; (2) demonstration of the development of homologous neutralizing anti- 


“hbodies for these agents, employing the acute- and convalescent-phase sera of 
"the respective patients; and (3) employment of negative acute-phase and posi- 


tive convalescent-phase sera, as thus determined, in tests for neutralizing anti- 
bodies against the remaining agents collected during each of these years. In 


practice, these procedures served rapidly to distinguish 2 large groups: one 


* The work described in this paper was aided by a grant from the National Foundation for Infantile Paralysis, 


4 Inc., New York, 


7 Present address: Instituto Bacteriologico de Chile, Santiago, Chile. 
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group consisting of the majority of viruses derived from the materials of 1951 
and the other including most of those isolated from the specimens of 1954. 

One virus, hereafter designated as “prototype virus,”’ was then selected as 
representative of each group, and used as antigen to prepare antisera n rabbits. 


These antisera were then employed in neutralization tests to confirm the anti-~ 


genic relationships previously distinguished among the viruses of 1951 and 
1954 and in attempts to identify agents that were isolated from materials 
collected during the remaining 3 years. 

The capacity of antisera specific for a number of the Coxsackie and ECHO 
groups of viruses to inhibit the cytopathogenic effect of the 1951 and 1954 


prototype strains was determined. These sera were similarly employed in | 


tests with certain of the other agents. 

Cultivation of viruses. Plasma roller-tube cultures or trypsinized cell cul- 
tures of a variety of tissues and cells were employed. For the isolation of a 
virus, specimens from patients were added to cultures of either human embry- 
onic skin and muscle, postnatal uterus, or kidney tissue, or to monkey renal 
cells. In certain instances, aliquots of a specimen were tested in several kinds 
of tissues or cells. 

After isolation, many of the agents were subcultured in several human-tissue 
cells, including those of the amnion, and in monkey renal cells. The cyto- 
pathogenic properties of these agents as expressed in these different media 
were recorded. 

Viruses. The 2 viruses selected as prototypes of the 1951 and 1954 groups 
were designated respectively “HAR” and “SHO.” ‘Stock suspensions” of 
each were prepared by pooling the fluids from several cultures of infected 
monkey renal cells. The infectivity titers of the stock suspensions were then 
determined by using cultures of this type. The suspensions were stored in the 
CO: cabinet in glass-sealed ampules. Eleven prototype ECHO viruses* were 
supplied by various members of the Committee on ECHO Viruses of the 
National Foundation for Infantile Paralysis, Inc., New York, N. Y.2 Stock 
suspensions were prepared in the manner just described and were stored under 
the same conditions. For use in neutralization tests the viruses under exami- 
nation were usually propagated in cultures of monkey renal cells, and the fluid 
was harvested after cytopathic changes became well defined. 

Sera. Acute-phase sera from patients were, in most instances, obtained 
within 1 or 2 days after admission to the hospital. Bloods yielding convalescent- 
phase sera were drawn 2 or 3 weeks after the onset of symptoms. Immune 
sera against HAR and SHO viruses were prepared in rabbits according to the 
procedure of Ramos-Alvarez and Sabin.‘ Antisera against 14 types of ECHO 
virus, prepared either in rabbits or in monkeys, were made available through 
the kindness of certain members of the Committee on ECHO Viruses.? Gilbert 
Dalldorf generously provided hamster antisera against Coxsackie virus, Types 
A9, B1, B2, B3, and B4. A pool consisting of equal parts of each of the Cox- 
sackie virus antisera was prepared. All sera were stored at about —15°C. 

Neutralizations tests. With the exception of tests for antibodies against 


* ECHO virus Types 8, 10, and 11 had not been received at the time of these investigations. 
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TABLE 1 


VIRUSES RECOVERED IN TISSUE CULTURE FROM STOOLS OF 32 MASSACHUSETTS PATIENTS 
WITH THE CLINICAL DIAGNOSIS OF POLIOMYELITIS IN 1951 


Clinical diagnosis No. tested Pontive for Agent No. 
BetEMlyUIGw see eee ees 13 12 Polio 12 
WNonparalytic... .. 1.56.04: 19 11 Polio 3 

Cox. B 1 
Unknown* if 


* Antigenically related. 


polioviruses, the procedure was as follows: equal parts of serum inactivated at 
56° C. for one half hour and diluted virus suspension were mixed and kept at 


—A°C. for 1 hour. Then 0.1 ml. of the mixture was added to the tissue culture. 


~ Cultures of trypsinized monkey renal cells were employed as routine in neutral- 


- ization tests. After addition of virus-serum mixtures, cultures were placed in 
~ a roller drum at 37° C. and subsequently examined for the appearance of cyto- 
- pathic changes. Controls consisting of cultures inoculated with diluted virus 
~ suspension only and of uninoculated cultures were included in each test. 


As routine, the virus suspension consisted of infected tissue-culture fluid 


- diluted 1:25 in isotonic phosphate buffer solution. Occasionally, the infec- 
- tivity titers of the viruses under study were first determined. When this was 


~ done, 100 IDs5o for monkey renal cell cultures were employed. 


Acute- and convalescent-phase human sera were usually tested only in dilu- 


tions of 1:10 and 1:50. Rarely, a larger series of dilutions increasing by a 
- factor of 2 or 3 was prepared, and each tested against 100 IDso of virus. By 


means of the latter procedure, the homologous titers of the rabbit-immune sera 
against the prototype strains HAR and SHO were both found to be 1:1000 
(initial dilution of serum). When diluted 1:15, each antiserum was capable of 


A neutralizing over 100,000 IDso of the homologous virus. The 14 ECHO virus 


SAP we ty V4 


TENET SAVE ER OTR 


Le renee” 


antisera were each tested in dilutions of 1:15, 1:50, 1:150, 1:500, 1: 1500, and 


1:5000 against 100 IDs of HAR and SHO viruses and, in dilutions of 1:15 
and 1:50, against certain of the other agents. In a few cases, tests with ECHO 


- viruses and immune sera against HAR and SHO were also performed. 


In tests for antibodies against the 3 types of poliovirus in the sera of patients 


the colorimetric technique of Salk and his associates was employed.° 


RESULTS 
Virological Data 


Viruses of 1951. Thirty-two of the fecal specimens of 1951 were from 
patients with a clinical diagnosis of poliomyelitis. The results of our studies 


with these specimens are presented in TABLE 1. Although poliovirus was 


recovered from 12 of 13 paralytic patients, it was obtained from only 3 of 19 


patients with the diagnosis of nonparalytic disease. From the remaining 16, 


however, 8 additional cytopathogenic agents were isolated.* Of these, 1 


: Two of these agents were isolated by Frederick C. Robbins while working in the laboratory of The Children’s 
Medical Center, Boston, Mass. : 
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produced lesions pathognomonic of infection with Coxsackie Group B virus | 
after subcutaneous inoculation into newborn white mice. The results of a 
neutralization test in tissue culture that utilized pooled Coxsackie virus serum 
served to identify this agent as a member of this family. The other agents, 
all of which were recovered in cultures of human embryonic skin and muscle, 
exhibited similar cytopathic changes in this medium. 

At first these effects were manifested by a rounding of the cells adjacent to 
the tissue fragment, while those cells more distantly located remained normal 
in appearance. This change appeared only after 3 to 5 days. Subsequently, 
other cells in areas more remote became affected. Disintegration of the affected — 
cells resulted in focal accumulations of fine granular débris. Later, the in- 
volved areas often disappeared, apparently as a result of the removal of débris 
and the overgrowth of resistant cells. 

After passage in the human embryonic cells, these 8 agents were cytopatho- 
genic for cultures of trypsinized monkey renal cells, where they produced ~ 
limited foci of degeneration. While at first not definitely cytopathogenic for 
human myometrial or renal cells, these strains produced degeneration follow- 
ing passage in monkey renal cells when large inocula were introduced. After 
propagation in monkey renal cells these agents also caused similar cytopathic 
changes in cultures of human amnion cells. 

From 4 of 7 patients yielding these viruses, acute- and convalescent-phase 
sera were available. In each of these 4 patients, an increase in neutralizing 
antibodies to the homologous agent was demonstrated during the course of his 
illness. Cross-neutralization tests with the 4 pairs of sera and the 7 viruses 
indicated that all were antigenically related (TABLE 2). 

Two additional viruses belonging to this group were distinguished by means 
of these sera. One was isolated from the stools of a patient whose illness had 


a 


TABLE 2 


SumMARY OF Cross-NEUTRALIZATION TESTS WITH 7 ViruSES OF 1951 AND 4 Parrs 
oF ACUTE- AND CONVALESCENT-PHASE SERA 


Serum titers 


Virus tested 


* Not done. 
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been diagnosed as nonparalytic poliomyelitis in 1949. The other was recov- 
ered in 1951 by Frederick C. Robbins in our laboratory from fecal material of a 
patient with transverse myelitis. Employing acute- and convalescent-phase 


‘serum from this patient, an increase was demonstrated in neutralizing anti- 
bodies for the homologous virus, as well as for other members of this group. 


The 5 sets of paired sera from these patients were tested for the presence of 


“neutralizing antibodies to each of the 3 poliovirus types. While type-specific 


_ poliovirus antibodies were found in all specimens, in no instance was a signifi- 
cant rise in titer recorded. Additional evidence for the close relationship or 


identity of these 9 viruses was obtained from experiments in which it was shown 


that the rabbit antiserum prepared against strain HAR, the prototype virus, 
inhibited their cytopathogenic effect. This serum failed to neutralize 45 of 
the other agents under investigation. Strain HAR was neutralized neither by 


~ polyvalent Coxsackie serum nor by any of the 14 ECHO virus antisera. In 
tests with several of the ECHO prototype viruses and HAR-immune rabbit 


-serum, no evidence of antigenic relationship was obtained. 


Three of the HAR-type viruses were inoculated into newborn white mice by 


- the subcutaneous route. In each instance, a second passage was attempted, 


employing as inoculum a suspension of the brain and carcasses of the animals 
of the first passage. In none of the mice were signs of illness observed. 
Taken as a whole, the findings here summarized indicate that agents of 


_ closely similar or identical properties, resembling the ECHO viruses in their 
 cytopathogenicity and lack of virulence for suckling mice but antigenically 
~ unrelated to any of the ECHO types thus far defined, were prevalent in Massa- 
~ chusetts during 1951. It seems probable, therefore, that these agents are repre- 


sentatives of another, hitherto-undefined antigenic type of ECHO virus. Here- 
after these viruses will be referred to as ‘Massachusetts Viruses 1951.” 
Similarities between Massachusetts Viruses 1951 and Boston Exanthem agents. 


~ During the summer of 1951, when 8 of the Massachusetts viruses were collected, 
an unusual epidemic exanthem also occurred in this state. The disease was 
_ subsequently termed ‘Boston Exanthem.’” From fecal specimens, a number 
of cytopathogenic agents that exhibited similar biologic and antigenic at- 


tributes were obtained.® Viruses indistinguishable from the Boston Exanthem 


agents were isolated subsequently by Neva’ from patients in a smaller outbreak 


of what appeared to be the same disease that occurred in Pittsburgh, Pa., in 
1954. The cytopathic changes induced by the Boston Exanthem viruses and 


those of the Massachusetts agents are similar. Preliminary cross-neutraliza- 
tion tests with viruses and antisera representing each group have indicated an 
~ antigenic relationship between these agents. The extent of this relationship 


ray 


- must await the completion of experiments now in progress. In respect to these 


observations it is pertinent to recall that none of the patients yielding the 
Massachusetts Viruses 1951 exhibited a rash, and that none of those from 
whom the Boston Exanthem agents were recovered showed signs of meningeal 


‘involvement. 


Viruses of 1954, Sixty-nine cytopathogenic agents were isolated from 
single fecal specimens collected in 1954. In each of the 69 cases from which : 
the specimens were derived the initial or final clinical diagnosis was poliomye- 
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litis. Sixteen of these agents were identified as polioviruses. Four others 
were at once provisionally classified as adenoviruses® on the basis of their dis- 
tinctive cytopathogenic effect in cultures of human renal or amnion cells.1° 

In cultures of monkey renal cells, most of the remaining 49 agents produced 
a focal degeneration of essentially the same character. The majority of these 
viruses were recovered in cultures of monkey renal cells, the remainder in cul- 
tures of human kidney cells. Many, on primary isolation or on passage in 
each of these cell types, produced similar changes. In most instances the 
cytopathogenic effect in monkey renal cells was expressed by the appearance 
of groups of refractile cells occasionally preceded by an apparent increase in the 
cell population of the involved area. The effect in human renal cells was 
characterized only by a slowly progressive focal degeneration. In human 
amnion cells degeneration was widespread and progressed more rapidly. 

The similarity of the cytopathic changes induced by many of these agents 
suggested that these strains might be related. Accordingly, 12 of these viruses — 
were arbitrarily selected and employed as antigens in neutralization tests with 
homologous acute- and convalescent-phase sera. In each instance a fourfold 
or greater increase in antibody was demonstrated. Four pairs of these sera 
were then tested for neutralizing antibody against each of the 12 viruses. In 
this manner evidence was obtained indicating that 11 strains were either identi- 
cal or closely related. From among them strain SHO was chosen as prototype. 
In tests with the 49 unidentified agents it was found that the cytopathogenic 
effect of 40 of them was inhibited by the immune rabbit serum prepared against 
strain SHO. 

Strain SHO was then identified as ECHO virus Type 6 in neutralization tests 
with the 14 ECHO virus-typing sera. This identification was confirmed by ~ 
the result of a test in which SHO antiserum, when diluted 1:50, inhibited more 
than 10° IDso of ECHO virus Type 6 (D’Amori strain). 

When inoculated into newborn mice, 7 of the 40 strains thus identified as 
ECHO Type 6 were found to produce no definitely recognizable disease either 
in the first or second passages, although weakness and tremors were noted in 


the hosts. istological examination of material representing both passages 


revealed no abnormal changes. 


Acute- and convalescent-phase sera were available from 30 of the 40 patients — 


yielding these strains. All showed a varying increase in neutralizing anti- ; 


bodies to their homologous agent in the convalescent-phase specimens. When 


tested for antibodies to each of the 3 poliovirus types, 2 sets of the paired sera _ 


showed also a significant increase in neutralizing antibodies for poliovirus Type 
1. With 6 pairs, however, no antibodies to any of the poliovirus types could be 
demonstrated. 

Identification of other agents collected in 1954. Nine viruses thus remained 
unidentified. Of those, 8 were distinguished either as members of the Coxsackie 
family or as other types of ECHO virus by means of neutralization tests with 
the appropriate antisera, A summary of the classification of the 1954 viruses is 
presented in TABLE 3. 

Types of adenoviruses recovered during the course of this study. In addition to 
the 4 strains of adenovirus encountered in 1954, 5 were isolated from fecal 


oi aoa 
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TABLE 3 


VIRUSES RECOVERED IN TISSUE CULTURE FROM STOOLS OF PATIENTS WITH THE 
CLINICAL DIAGNOSIS OF POLIOMYELITIS IN MASSACHUSETTS IN 1954 


Virus No. recovered Per cent 
SOL 1G) EE MR ras) Para “ec. corai de, cia Suayeuees aus 16 235.2 
CAE ee tare cette at festadeieic set 5) a? 
SL SHONAUS Se sae ici cis aie ePrints Havers aca enete 4 5.8 
POM DE x 2igntaste, siete crapesnageis sysyale aaa vere «a0 2 2.9 
BPRS TOMER VDC scotia a 5d vide Rae cele pas 1 AAS) 
BOPMIGeNtHiedin Mocs net its ccsetas hae we soe 1 15 
PME OM Mey 9G). 50) ie tts aloes aisle Patebenes ee 40 58.0 
“VENT OSDY , Sy ASRS RA eae Ire a a oe 69 100. re 


AX 


specimens obtained at various other times. Of these 9 strains, 4 were sub- 
mitted to Wallace Rowe of the National Institutes of Health, Bethesda, Md., 


for typing. Through this investigator’s kindness, 1 strain was identified as 
Type 3. The others were tentatively accepted by him as representing new 
antigenic types and designated as Types 9, 11, and 12. Attempts to type the 
remaining viruses have not yet been made. 


Clinical Data 
Features of the illness associated with Massachusetts Viruses 1951. Eight of 


Z the 9 agents in this group were recovered from patients who presented features 
~ compatible with the clinical diagnosis of nonparalytic poliomyelitis. Seven of 


these cases occurred within a short interval of each other during the summer 
and early fall of 1951. The pertinent findings in these 7 cases are recorded in 
TABLE 4, which indicates that the illness was characterized by a relatively 
abrupt onset, moderate fever, severe headache (usually frontal), sore throat, 


TABLE 4 
CLINICAL AND LABORATORY FEATURES IN 7 PATIENTS WITH AN INITIAL DIAGNOSIS 
or NONPARALYTIC POLIOMYELITIS FROM WHOSE Sroots AGENTS DESIGNATED 
aS MAssacuusetts 1951 WERE RECOVERED 


Age: 7 to 17 years 
Onset: abrupt: 5, biphasic: 1 
Signs and symptoms: headache: vomiting: 6 
lethargy: 6 stiff neck: 6 
sore or red throat: 6 stiff back: 7 
3 myalgia: 3 
Fever after admission: range: 100-101.8° F., p.o. 
median: 100-101°F., p.o. 


Baye 


' Laboratory: 


RU ere WES SELES ee) 


RO wt 


duration: 1 to 2 days 


Peripheral blood: WBC: 5-10,000:6 %P: 30-60:3 
>10-12,000: 1 > 60-80: 2 

> 80: 2 

Cerebrospinal fluid: WEC: <S0: 5 Oe O=25") 
>50-100: 2 >25-50: 1 

>50-75:1 


- Total protein: 24 to 40 mg. per cent 
Sugar: within normal limits 


a 
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vomiting, and moderate meningeal signs. Mild muscle pain, usually referred 
to the neck or back, was present occasionally. The peripheral white blood 
count tended to fluctuate within normal limits, although the proportion of 
neutrophils was occasionally increased. Examination of the cerebrospinal 
fluid revealed a slight to moderate increase in cells, with mononuclears usually” 
predominating. Recovery was rapid and sequelae absent, with one exception: 
the oldest of the patients, 17 years of age, developed a persistent tightness of 
the musculature of his back, which improved only gradually during the follow- 
ing year. 

The remaining agent was obtained from a patient with signs of a transverse 
myelitis. Although sore throat and fever were the initial manifestations, they 
were followed after several days by severe occipital headache and vomiting. 
Concomitantly there developed a descending symmetrical, rapidly progressing, 
sensory loss and paralysis from the region of the fourth cervical vertebra down- 
ward, requiring treatment in the respirator. Five examinations of the cerebro- 
spinal fluid during the first 3 weeks of hospitalization revealed no abnormalities. 
Although function and sensation gradually returned, weakness in the right 
upper extremity was still demonstrable 4 years after onset. This patient, on 
admission, was found by radiological examination to have scattered calcifica- 
tions in the intervertebral disk between the fourth and fifth cervical vertebrae, 
with probable extrusion of the disk in this area, as indicated by the distribution 
of the calcifications. Since this finding alone could explain the paralysis and 
sensory loss, the viral infection in this case appears to have been coincidental. 
In view of the sequence of events, however, one may speculate as to a possible 
role of this agent in precipitating the extrusion, thus initiating the signs of the 
myelitis. 

Features of the illness associated with ECHO virus Type 6. In general, the 
characteristics of the disease among the 40 patients from whom ECHO Type 6 
viruses were recovered closely resembled those observed among the individuals — 
infected with Massachusetts Viruses 1951; that is, they constituted the syn- 
drome of aseptic meningitis. These characteristics are listed in TABLE 5, 
While these patients were generally admitted with a clinical diagnosis of non- — 
paralytic poliomyelitis, muscle weakness of varying degree was noted in about 
one half of the 1954 cases during their period of hospitalization or on subsequent 
orthopedic evaluation. This was not a feature of the relatively small number 


of illnesses associated with the Massachusetts Viruses 1951. With the excep- — | 


tion of this manifestation, which will be discussed presently in more detail, 
the illness in these patients was usually characterized by an abrupt onset with 
headache, described as frontal when localized, signs of mild or moderate men- 
ingeal irritation, and vomiting. Sore throat and abdominal or muscle pains — 
were not uncommon. ‘The fever was of moderate degree and of short duration. 
In about one quarter of the cases the illness appeared to be diphasic, since an 
episode marked by pyrexia, abdominal pain, or headache and persisting for 
from 24 to 48 hours preceded the major illness by an interval of several days 
during which the patients apparently were in good health. 

When the cases were hospitalized, usually within a day or two of onset, the 
peripheral white blood cell count was found to be within normal limits or slightly 


Kibrick et al.: Associations of Enteric Viruses 319 


TABLE 5 


CLINICAL AND LABORATORY FEATURES ASSOCIATED WITH INFECTION BY ECHO 
Virus TYPE 6 


Age: 3 13 months to 33 years 
' Patients with other cases in household: 12/35 (34%) 
Estimated incubation period: 3-5 days 


Onset: abrupt: 25/38 (66%); biphasic: 10/38 (26%) 
Signs and symptoms on admission (40 patients): 


Headache: 40 Abdominal pain: 14 
Stiff neck: 37 Myalgia: 12 
Stiff back: 32 Adenopathy: 3 
Vomiting: 32 Splenomegaly: 2 
Sore or red throat: 16 Photophobia: 2 


Convulsive onset: 2 
é Muscle weakness: see text 
Fever after admission: (28 patients) 
Range:  98-102.4°F., p. o. 
Median: 100-102° F., p. o. 
Duration: 1 to 4-days (median, 1 to 2 days) 


. 


_ Laboratory: 
; Peripheral blood: WBC: (35 patients) Per cent P (28 patients) 
<5000: 1 >40-60: 8 
>5-10,000: 21 > 60-70: 5 
3 >10-12,000: 7 >70-80: 8 
>12-18,000: 6 >80:7 
Cerebrospinal fluid: WBC: (40 patients) Per cent P (34 patients) 
<100: 14 <0 7 Ut 
> 100-300: 14 >20-40: 4 
>300-500: 9 >40-00: 8 
> 500-855: 3 > 60x11 ya 
Total protein, mg.% (39 patients) Sugar, mg.%, (34 patients) 
<40: 29 <40: 0 
>40-50: 5 >40-60: 14 


>50-90: 5 > 60-90: 20 


elevated, with neutrophils usually predominating. In the cerebrospinal fluid 
- the number of cells rarely exceeded 500 per cu. mm. A varying proportion of 
neutrophils was encountered. The concentration of sugar remained within 
~ normal limits, and the levels of protein were either normal or slightly elevated. 
During the first week of illness the neutrophils in the cerebrospinal fluid were 


t rapidly replaced by mononuclear cells while, as illustrated in TABLE 6, the total 
number of cells diminished. 
TABLE 6 
RESULTS OF CEREBROSPINAL FLUID EXAMINATION AT VARYING INTERVALS AFTER 
ONSET IN 3 PATIENTS WITH ECHO Virus TypE 6 INFECTION 
Cerebrospinal fluid examination 
me Date of lumbar 
Bi Patient Date of onset t 
5 _ ee WBC per | op | %L |me.% T-P. 
5 8/27/54 8/28/54 306 88 12 — 
; ea ees 919/54 28 a 100 -— 
7/20/54 7/23/54 418 — 
ee ee aa eA 
8/4/54 8/5/54 
ee ps 8/12/54 21 0 100 28 


320 Annals New York Academy of Sciences 


Of the 40 patients, all but 5 were between the ages of 6 and 10 years. How- 
ever, this distribution is biased since, in 1954, specimens from patients in this 
age range were arbitrarily selected for investigation in connection with another 
study then in progress. On the basis of similar cases that occurred in house- 
hold contacts of these patients, as will be seen later, the range in age was 13 — 
months to 33 years. 

Muscle weakness in cases of illness associated with ECHO virus Type 6. The 
findings in periodic muscle examinations made by competent personnel at 10 
to 20 and 50 to 70 days after onset were available for 37 of the 40 cases asso- 
ciated with ECHO virus Type 6. Of these 37 patients, 27 were children who 
had participated in the Poliomyelitis Vaccine Field Trial of 1954. The re- 
mainder were patients not included in the field trial who were admitted to The 
Children’s Medical Center. The results of muscle examinations were graded 
according to the system proposed by the Poliomyelitis Vaccine Evaluation 
Center, at the University of Michigan, Ann Arbor, Mich." On the basis of 
these gradings, the cases were then classified as paralytic or nonparalytic accord- 
ing to criteria established by the evaluation center. As shown in TABLE 7, 15 
of these cases were classified as nonparalytic and 22 as paralytic. In this 
system of classification, the paralytic cases are assigned to 5 grades according 
to the degree to which the function of certain muscles characteristically in- 
volved in poliomyelitis is impaired. Grade I included cases with minimal, 
Grade V those with complete, loss of function. Of the 22 cases classified as 
paralytic, 10 were placed in Grade I and 11 in Grade II (TABLE 7). It is there- 
fore obvious that, although muscle weakness was frequently observed among the 
patients of 1954 infected with ECHO virus Type 6, it was consistently of mild 
or moderate degree, and in most instances tended to disappear with the passage 
of time. 

The fact, however, that a majority of these cases exhibited some evidence of 
muscle dysfunction is important and is emphasized by the following observa- 
tions: 

In 9 patients at least 1 muscle or muscle group characteristically affected in 
poliomyelitis was rated as “fair” and, in 2 other patients, as “poor,” at the 10- 
to 20-day examination. A spotty asymmetrical involvement of these muscles 
with a grading of “good” or the involvement of a single muscle with a grade of 
“fair” was considered by the Evaluation Center to be indicative of paralytic 


TABLE 7 


OrTHOPEDIC EVALUATION BY CRITERIA OF THE POLIOMYELITIS VACCINE EVALUATION 
CENTER OF 37 PATIENTS witH ECHO Virus Tyre 6 INFECTION 


Diagnosis No. peste eT ae ms 
antibodies antibodies 
Nonparalyticeoin...ae, aa eee eee 15 3 2 
Paralytic 
Grade Ta(Score O) te a205<. ei el ee 10 0 0 
Grade II (scorestow9):. 3... 11 3 0 
Grade III (score 20 to 89)............ 1 0 0 
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disease. After 50 to 70 days, in 5 of these 9 patients certain of the same mus- 
cles were rated as “fair,” although continued improvement in their function 
was noted subsequently. Most frequently involved were the gluteus medius, 
hip adductors and, occasionally, the gastrocnemius. It is unlikely that con- 
comitant infection with poliovirus was responsible for the muscle weakness 
observed in these cases. Thus, in the acute- and convalescent-phase sera of 3 
of these patients, no antibodies capable of neutralizing any of the 3 types of 


_ poliovirus were demonstrated and, in the sera of the remaining 6 patients, no 


_ increase was revealed in the poliovirus-neutralizing antibodies initially present. 
Less dependable indications of muscle involvement in certain of our patients 
were recorded during the 50- to 70-day examination. In 11 cases the anterior 
neck muscle was rated “fair”; in 2, “poor.” In 5, the abdominal muscles were 
similarly assessed. Since spasm and pain alone may be responsible for an 


~ apparent depression of function in these muscles, they were excluded from con- 


sideration by the Evaluation Center when rated as “good” or “fair.” Accord- 
_ ingly, the data just summarized were not employed in the classification of our 
_ cases. 
Infections among household contacts of patients with ECHO wrus Type 6. 
Information regarding the presence of concurrent illness among other members 
of the household was available. Illness occurred among 23 of the household 


- members in contact with 12 of these patients. Four of them, each from a dif- 
~ ferent household, were admitted with signs of meningeal irritation to hospitals, 
_ where pleocytosis was subsequently demonstrated. In the others, the illness 
~ was described as “‘grippelike” or was characterized by fever, nausea, vomiting, 
headache, or sore throat. In one household 5 members and the patient were 
affected during a period of 4 days; in another, 6 members and the patient be- 


came ill within 14 days. From the temporal sequence of the infections among 
the various individuals within these households and the patients, the incubation 


4 period was estimated at 3 to 5 days. 


No attempts were made to isolate virus from the contacts who became ill. 


~ However, in view of the similarity between the clinical features and because of 


the epidemiologic relationships that have just been summarized, it seems prob- 
able that the disease in contacts and patients was caused by the same agent. 

Temporal distribution of infections with ECHO virus Type 6 in 1954. Most 

of the strains of ECHO Type 6 virus were recovered from patients with aseptic 

meningitis whose illness was initially reported as nonparalytic poliomyelitis 


p. by the attending physician. In the remaining few a preliminary diagnosis of 


= 


mild paralytic poliomyelitis was made. With these facts in mind the data in- 
cluded in TABLE 8 become of interest. Here is presented the monthly distribu- 


tion of those cases from which strains of ECHO Type 6 virus and poliovirus 


were isolated. The reported monthly incidence in Massachusetts of nonpara- 
lytic, paralytic, and bulbar poliomyelitis is also included. It 1s evident that, 
during the period August through October, the reported incidence of nonpara- 


_ lytic poliomyelitis greatly exceeded that of the paralytic form. In Massachu- 


a ey AN ee 


setts the reported incidence of paralytic poliomyelitis usually exceeds that of 
nonparalytic poliomyelitis. During this same interval the ratio of the number 
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TABLE 8 


REPORTED PoLIOMYELITIS IN MASSACHUSETTS, Potiovirus AND ECHO Virus TyPE 
6 IsoLations, By Montss, 1954 


Reported polio Viruses isolated* 
Month } 
een Nonparalytic Polio ECHO 6 

January nttys.ctecee peer if 5 — — 
Pebruary, 9 ae nn ieee 7 1 7 = 
March) oc eee eee 5 2 — — 
April Sah Resi aeons: : : = = 
May ctia at tochdoce ite Ae eee a — 
fae PSR eee A 6 3 1 0 
Suly ese. eee ees 18 18 4 2 
August: 200 seit es 88 146 4 16 
Septemberactchactdalae- 117 233 4 10 
OGtobertre. oer eee 79 166 3 10 
INGVembers.... sot sae ee 44 54 0 2 
Decemberaace tient yee 20 13 0 0 

Totalst\r0 cen seen emits 395 640 16 40 


* Only specimens from June through December were available for testing. 


of patients yielding ECHO virus to the number of patients yielding poliovirus 
increased significantly. As will be emphasized in the section of this paper 
headed Discussion, this reversal in the ratio of nonparalytic to paralytic cases 
may have been caused, in large measure, by an increasing frequency of infec- 
tions with ECHO virus Type 6 during the late summer and fall of 1954. 

Clinical associations of the adenoviruses. Three of the 9 adenoviruses were 
recovered from patients with fever and meningismus, but with normal cerebro- 
spinal fluids. Of these, 1 was identified as Type 3, and a second, obtained from 
a girl who also complained of pain in the lower extremity and hip, was the agent 
designated as Type 9. This patient, while hospitalized, developed an aseptic 
meningitis, and a second virus, as yet unidentified, was recovered from her 
stools at this time. 

The 6 remaining adenoviruses were obtained from patients with pleocytosis. 
From one such patient, diagnosed as having paralytic poliomyelitis, a Type I 
poliovirus and the Type 11 adenovirus were recovered. From those diagnosed 
as nonparalytic poliomyelitis, the Type 12 agent and 3 others as yet not typed 
were isolated. 

Acute- and convalescent-phase sera were available from only 2 of these 
patients, both with aseptic meningitis. In each instance neutralizing anti- 
bodies to the homologous agent and to certain of the poliovirus types were 
present, but in neither could a significant increase in antibodies to any of these 
agents be demonstrated. In view, however, of the clinical association between 
certain of the adenoviruses and the aseptic meningitis syndrome in these pa- 
tients, further studies are desirable to determine whether an etiological relation- 
ship exists. 


we 
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DISCUSSION 


The recovery in recent years of newly recognized viral agents from both 
healthy individuals and patients with a variety of clinical disorders has made 
it evident that association of such agents with clinical illness does not neces- 
sarily constitute proof of a causal relationship. Among the difficulties in the 
unequivocal establishment of such relationships has been the fact that nearly 
all of these viruses have been isolated from nasopharyngeal secretions or tissues 
or from stools, and not from the blood or other parenteral sources. In this 
category are included those agents considered in this study. 

A variety of evidence, however, supports the view that the Massachusetts 
Viruses 1951 and the ECHO Type 6 viruses recovered in 1951 and 1954, re- 
spectively, were responsible for the diseases with which they were associated. 
This evidence, most of which has been presented in detail, may be summarized 
as follows: (1) recovery of these viruses from a large majority of the cases of 
aseptic meningitis occurring in each of these years, but not during the other 
years studied; (2) the development, in all cases in which specimens of serum 
were available, of specific virus-neutralizing antibodies for the agent isolated; 
(3) failure in some instances to demonstrate the presence of antibodies for 
poliovirus and the absence in others of an increase in such antibodies; and (4) 
the occurrence of unusual increases in the ratio of the reported incidence of 
nonparalytic to paralytic poliomyelitis during the periods when there occurred 


~ nearly all the cases that were associated with these 2 groups of agents. 


ee Oe 


The last statement requires further comment. In Massachusetts, the re- 
porting of cases diagnosed as nonparalytic poliomyelitis became routine in 1935. 
Thereafter, in the average year such instances comprised 30 to 40 per cent of 
the total poliomyelitis cases reported. During the last 10 years, 1948, 1951, 
and 1954 have been distinguished by an unusually high incidence of cases re- 
ported as nonparalytic poliomyelitis. Evidence was obtained by workers in 
the Research Division of Infectious Diseases suggesting that, in 1948, this re- 
versal of the usual ratio might in part be attributed to an unseasonable preva- 
lence of infections caused by the virus of mumps.” Similarly, during the years 
in which the Massachusetts Viruses 1951 and ECHO Type 6 viruses were cur- 
rent, the incidence of poliomyelitis reported as nonparalytic significantly in- 
creased. Thus in 1951, 61 per cent of 288 cases of poliomyelitis and, in 1954, 
62 per cent of 1035 cases were recorded as nonparalytic. It is not unreasonable 
to infer that the reversal in the ratio of the incidence of the 2 forms of disease 
depended in part, at least, on the occurrence during these years of cases of asep- 
tic meningitis caused by Massachusetts Viruses 1951 and ECHO virus Type 6. 

Additional evidence for an etiological role of ECHO virus Type 6 in the syn- 
drome of aseptic meningitis is provided by 2 studies that are presented in this 
monograph. 14 The first of these described the recovery of 13 ECHO viruses 
from specimens submitted to the Department of Virus Diseases of the Walter 
Reed Army Institute of Research, Washington, D.C. Eleven of these viruses 


were subsequently identified as ECHO virus Type 6, designated by the proto- 


type WR1.% All of these agents were isolated from the stools of patients with 
aseptic meningitis and, in each instance, an increase in homologous antibody 
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was demonstrated during convalescence. The possibility that certain other 
viruses such as poliovirus might have been responsible was excluded in so far 
as was practicable by serologic tests. Ten of these 11 ECHO viruses were re- 
covered in 1955 from cases occurring in 4 widely separated geographic areas, 
one of which included Massachusetts. In general, the clinical features and — 
laboratory findings in these sporadic cases were similar to those we have de- 
scribed, except that muscular weakness was observed neither initially nor on 
subsequent musculoskeletal examination. It is of interest in respect to these 
results that, while testing specimens collected in Massachusetts during the 
poliomyelitis epidemic in 1955, we were able to recover 10 additional strains 
of ECHO virus Type 6 from patients hospitalized with the diagnosis of non- 
paralytic poliomyelitis. In the summer of 1955 a clinical syndrome associated 
with this virus occurred in epidemic form in western New York State and was 
studied by Karzon and his associates.'*:!5 The characteristics of the disease 
again resembled those noted in our cases. Transient muscle weakness and re- 
flex changes, however, were observed in only a few instances, and in none of 
these was there residual paralysis. The agent was recovered from the stools, 
pharynx and, in certain instances, from the cerebrospinal fluid of a number of 
the hospitalized patients and from the stools of household contacts. 

The results of these 2 studies taken with the data presented in this paper 
indicate that ECHO virus Type 6 may be the etiological agent in certain cases 
of aseptic meningitis. 

The occurrence of muscle weakness among our cases, though mild, is in con- 
trast to its virtual absence in those studied by other investigators. It has been 
suggested that, in many instances, an oversensitive pattern of muscle grading 
was responsible." This explanation, however, seems adequate only in those 
cases in which the muscle score resulted in their assignment to Grade I. To 
account for the unequivocal and persistent muscular weakness observed in 
certain of our patients other possibilities must be considered. For example, 
differences in the paralytogenic properties of various strains of the virus may 
exist. 


SUMMARY 


During an investigation of fecal materials collected from patients in the period 
extending from 1949 to 1954, 72 cytopathogenic agents exclusive of polioviruses 
were recovered in tissue cultures. In most instances the illness was diagnosed 
as nonparalytic or mild paralytic poliomyelitis. Of these agents 86 per cent 
were isolated from cases occurring during 1951 and 1954. By means of cross- 
neutralization tests in tissue culture, using acute- and convalescent-phase sera 
from the patients and “prototype’’-immune rabbit sera prepared against rep- 
resentative strains of virus, it was determined that, in each of these 2 years, the 
large majority of agents isolated comprised a distinct group. Further study 
indicated that the 1951 group consisted of strains of a virus not previously 
identified in respect to antigenic type, but in general exhibiting the properties 
of ECHO viruses. Of those recovered in 1954, 76 per cent were identified as 
ECHO virus, Type 6. In the case of both groups, the associated illness pre- 
sented, for the most part, the features of aseptic meningitis. Muscular weak- 


« 
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ness of minimal or moderate degree was, however, manifested in a significant 
proportion of the cases occurring in 1954. During the investigation, 9 strains 
of adenovirus were isolated, a proportion of these from cases of aseptic menin- 
gitis. Three of these were distinguished as new antigenic types. The possible 
etiologic relationship of adenovirus in the syndrome of aseptic meningitis is 
considered briefly. 
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CYTOPATHOGENIC ENTERIC VIRUSES ASSOCIATED WITH 
UNDIFFERENTIATED DIARRHEAL SYNDROMES 
IN EARLY CHILDHOOD* 


By Manuel Ramos-Alvarez 


Children’s Hospital Research Foundation, University of Cincinnati 
College of Medicine, Cincinnati, Ohio 


The study described in this article was undertaken to determine the inci- 
dence of infection with certain enteric viruses among infants and children with 
diarrhea during the summer months in Cincinnati, Ohio. Observations were 
made on 56 children under 4 years of age who visisted the clinics or who were 
admitted to hospitals in Cincinnati during the summer of 1955 with diarrhea 
as a chief symptom. Fever, vomiting, abdominal pain, and blood and mucus 
in the stools were also present in many cases. 

Virus isolations. Cytopathogenic agents were recovered from the rectal 
swabs of 24 of the 56 children tested by means of monkey-kidney tissue cul- 
tures. The 32 specimens that yielded no cytopathogenic agents were inoculated 
in suckling mice, and 4 additional viruses were isolated by this procedure. 
These mouse-pathogenic viruses were not cytopathogenic, even when the virus 
that had been passed through mice was inoculated in monkey-kidney tissue 
cultures. 

The high incidence of cytopathogenic agents (43 per cent) recovered in mon- 
key-kidney tissue cultures from the rectal swabs of the 56 children with diar- 
rhea may be compared with an incidence of only 6 per cent among 154 children 
aged 1 to 4 years who visited clinics and hospitals in Cincinnati for reasons other 
than diarrhea during the summer of 1953,! and with an incidence of about 19 
per cent among 1,491 healthy children in Mexico, D. F., Mexico, and of 18 per 
cent among 280 healthy children in Veracruz, Mexico, during the summer of 
1954? 

Bacteriological studies on the rectal swabs of some of the children included in 
the Cincinnati study are summarized in TABLE 1. Among 5 patients positive 
for Shigella or Salmonella, 3 yielded Shigella flexneri, 1 Shigella sonnei, and 1 
Salmonella paratyphi C. Among 3 patients with pathogenic Escherichia coli, 
1 yielded E. coli O-126, another yielded E. coli O-55 B5, and the third yielded 
E. coli O-125 B-15. Most noteworthy is the high incidence of virus isolations 
among the patients from whom pathogenic bacteria were recovered. 

Identification of cytopathogenic agents. The identity of the cytopathogenic 
agents was established by neutralization tests in tissue cultures, using pools of 
available antisera for the following viruses: 3 types of poliomyelitis virus; 13 
reported? (Types 1 to 13) and 1 as yet unreported‘ (Type 14) ECHO virus types; 
and the Coxsackie (A9, A14, B1 to B5) virus types that have been found to 
pense a cytopathogenic effect in monkey-kidney tissue culture or in HeLa 
cells. 

The results showrin TABLE 2 indicate that 14 of the 24 cytopathogenic agents 


me abate vitae in this paper was aided by a grant from the National Foundation for Infantile Paralysis, 
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TABLE 1 


TEsTs FOR PATHOGENIC ENTERIC BACTERIA AMONG SOME oF 56 CHILDREN 
WITH DIARRHEA 


Number of 
peteute Number or 
wit patients wit 
Category Number ener pathogenic |negative bacterial 
Pp bacteria | cultures yielding 
yielding virus 
virus 
Tested for Shigella and Salmonella.............. 41 5 3 16/35 
Tested for pathogenic Escherichia coli.......... 15 3 2 3/12 


could be classified with these pools of sera. It is of interest that poliomyelitis 
virus was isolated in 3 instances, which suggests that diarrhea may be part of 
certain poliomyelitis virus infections among infants. It is also of interest 
that ECHO Type 8 virus had an incidence of only 4 per cent among the 24 
cytopathogenic agents recovered from the 56 children with diarrhea in 1955, 
while the same type of virus was present with an incidence of 35 per cent among 
31 cytopathogenic agents recovered from the rectal swabs of 1,566 healthy 
children in Cincinnati in 1953. It is worth mentioning that ECHO Type 12 
virus was not found among the latter, while the same type of virus was pres- 


ent with an incidence of 12.5 per cent among the 24 cytopathogenic agents 
isolated from the 56 children with diarrhea. 


It is also of interest that 3 of the 24 cytopathogenic agents were not neutral- 
ized in monkey-kidney tissue culture by the Coxsackie antisera that were used, 
but they were found, nevertheless, to be pathogenic for suckling mice, in which 
these agents caused lesions similar to those produced by the Coxsackie viruses. 


TABLE 2 


INCIDENCE OF DIFFERENT Viruses Amonc 24 CyTopATHOGENIC AGENTS RECOVERED 
FRoM REcTAL SWABS OF 56 CHILDREN WITH DIARRHEA 


Category Number Types recovered 
Neutralized by poliomyelitis antisera 3 (12.5%) | Poliomyelitis 1 
Neutralized by ECHO antisera 1 to 14 7 (29%) LECHO2 
1 ECHO 8 
2 ECHO 11 
3 ECHO 12 


Neutralized by Coxsackie A7, A9, All, A13, Al4, | 4 (17%) 1 Coxsackie A9 


A15, A18, B1 to BS 1 Coxsackie B1 
2 Coxsackie B2 


Not neutralized by any of above antisera, but | 3 (12.5%) | Coxsackie ? untyped 
pathogenic for suckling mice with Cox- 
sackie-type lesions : 

Not neutralized by any of above antisera, but found 1 (4%) Adenovirus 3* 
to produce cytopathogenic changes ‘similar to 
those observed with some of the adenoviruses 

Not neutralized by any of poliomyelitis, ECHO, or | 6 (25%) Unclassified 
Coxsackie A9, A14, or B1 to BS antisera, and not 
pathogenic for suckling mice 


* This virus was identified through the courtesy of Wallace P. Rowe of the National Institutes of Health, 
Bethesda, Md. 
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Similar observations have been made by Melnick and his co-workers, who found 
that 20 of 29 mouse-pathogenic agents recovered in monkey-kidney tissue cul- 
tures from the stools of 136 normal children in Charleston, W. Va., failed to be 
neutralized by any of 16 known types of Coxsackie antisera.° 

It is also noteworthy that 6 other cytopathogenic agents that were not neu- 
tralized by any of the poliomyelitis, Coxsackie, and ECHO antisera were not 
pathogenic for suckling mice. 

The 4 noncytopathogenic agents isolated by direct inoculation of newborn 
mice have not been typed, but lesions similar to those produced by Coxsackie 
viruses were found in these animals. 

Of the 6 unclassified strains, 5 produced cytopathogenic changes in cynomol- 
gus monkey-kidney tissue cultures similar to the changes exhibited by the 
poliomyelitis viruses, although they act somewhat more slowly, and one of 
them produced a clumping type of degeneration similar to that produced by the 
HE4 (ECHO 10) virus.! 

Four of the 5 unclassified strains exhibiting the poliolike changes and the 1 
strain that produced the clumping type of degeneration were used for preparing 
antisera in rabbits. The results of the neutralization tests with these antisera 
are shown in TABLE 3. It is noteworthy that 5 distinct antigenic types are 
represented among the 6 unclassified diarrheal strains. In addition to being 
apathogenic for newborn mice, these 6 strains were also nonpathogenic in adult 
mice inoculated intracerebrally and intraperitoneally. 

Serologic tests. TABLE 4 shows the results of neutralization tests carried 
out with the acute- and convalescent-phase sera of 19 patients against the virus 


TABLE 3 


SEROLOGICAL RELATIONSHIP AMONG 6 UNCLASSIFIED CYTOPATHOGENIC AGENTS 
AS DETERMINED BY NEUTRALIZATION TEST WITH SERA 
PREPARED IN RABBITS 


Neutralizing antibody titer versus 100 TCDso* indicated virus of 


pore cee vir Cytopathogenic effect poliolike genic eect 
CP. C. W. as M. C. B. L. 
Ces 320 320 <10 <10 10 
Bae <10 <10 320 <10 <10 
M. C. <10 <10 <10 4263200 10 
B.L. <10 <10 <10 <10 3200 
J.B. <10 <10 10 <10 
Type D1 D2 D3 D4 


*TCDso = the amount of virus able to infect half of a given number of tissue cultures. 
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TABLE 4 


NEUTRALIZING ANTIBODIES AGAINST VIRUSES FROM THEIR OWN RECTAL SWABS IN THE 
ACUTE- AND CONVALESCENT-PHASE SERA OF 19 PATIENTS 


Days after onset | Antibody titer 
Patient Age Type of virus recovered 
Acute | Conver | Acute | Conve 
i M..C. 9 mo. Poliomyelitis 1 3 24 <10 | 320 
Ze. 8 mo. Poliomyelitis 1 ie 407 | <10 | 320 
onan. 17 mo. Poliomyelitis 1 8 35 <10 | 320 
4. W.G. 4 mo. Coxsackie A9 1 20 <10 | 320+ 
5. A. R. 19 mo Coxsackie B1 3 39 <10 | 320+ 
6. McF. K 1 mo Coxsackie B2 4 23 <10 | 320-- 
TgN RR. 8 mo. Cytopathogenic- Coxsackie 6 27 <a 2 
untyped 
Joe a base 3 yrs. Cytopathogenic Coxsackie 2 30 0 2 
untyped 
OmChys: 3 mo. ECHO 2 2 24 0 8 
LOPS Ge 1 mo. ECHO 8 1 19 2 10 
Ii. G: 5 mo. ECHO 11 4 20 <10] 32 
12-5. J. 7 mo. ECHO 12 9 oe <10 | 100 
#3. Sh. DD: 3 mo. ECHO 12 4 26 <10 | 320+ 
14; T. O. 3 mo ECHO 12 3 33 <10 | 320+ 
155. Pe 2 mo. Unclassified diarrheal strain 1 18 <a Oniesz 
16. C. W. 9 mo. Unclassified diarrheal strain 6 29 <10 | 100 
tia M Ce 8 mo. Unclassified diarrheal strain 0 21 0) 10 
1S. Be Ls 2 mo. Unclassified diarrheal strain 2 20 0 2 
19. J. B. 214 yrs. | Unclassified diarrheal strain 3 25 32 | 320 


* Day of onset of disease not established. 
+ Number of days after obtaining serum specimen from acute phase. 


recovered from their own rectal swabs. In 14 of these patients a significant 
rise in antibody was found in the convalescent serum specimen, which indicates 
that infection with the recovered virus and the clinical manifestations were 
concurrent. Three patients (Ch. S., L. L., and M. C.) showed low antibody 
responses, and 2 others (L. J. and B. L.) exhibited negligible responses. The 
significance of these low or negligible neutralizing antibody responses isnot clear. 

The possibility that some of the patients from whom virus isolations in 
monkey-kidney tissue culture or in suckling mice were unsuccessful may have 
been infected with one or more of the recovered viruses was tested by neutraliza- 


TABLE 5 


SEROLOGICAL STUDIES ON 18 PATIENTS WITH DIARRHEA FROM WHom 
Virus IsoLaTIONS WERE NEGATIVE 


Number of patients showing significant neutralizing antibody response for indicated 


virus in the convalescent serum 


Number of 
patients tested 
Poliomyelitis 1 Coxsackie A9 | ECHO 12 (S. J.) D4 (B. L.) D5 (J. B.) 
18 1 1 lt 0 0 
LOtdlager. onc 3/18 (16.6 per cent) 
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TABLE 6 


CLINICAL FEATURES OF 55 CASES OF CHILDREN WITH 
UNDIFFERENTIATED DIARRHEAL SYNDROME 


Number in indicated cateogry 


Number 


Virus isolation in group Severe 
h f ss Blood Dehy- 
"heanltalen Fever Vomiting in stools| drated 
ization 
POSIELV 6 tokaersets Sone Pree 28 11 18 13 6 2 
NGSatiVG. gene cca teh oe meta 27 13 19 16 3 3 


tion tests on their acute- and convalescent-phase sera against 5 selected strains. 
TABLE 5 shows that 3 of 18 patients (16.6 per cent) exhibited significant rise in 
antibody, indicating that the actual incidence of viral infection was higher than 
the 50 per cent obtained in the tests that utilized rectal swabs. 

Clinical observations. The data shown in TABLE 6 indicate that no significant 
difference was observed in the clinical picture of the patients from whom a 
virus was isolated and the patients from whom no virus was recovered. 

The most significant findings of the present study are: (1) the high incidence 
of virus infections, which was at least 55 per cent, as determined by virus 
isolations or by neutralization tests on paired sera with only few strains; and 
(2) the great antigenic variety of the viruses that were recovered. In the 
present study the following viruses were found: Type 1 poliomyelitis; Coxsackie 
(at least Types A9, B1, and B2); ECHO (Types 2, 8, 11, and 12); adenovirus 
Type 3; and 5 distinct antigenic types among 6 unclassified diarrheal strains. 

The present data are not, by themselves, sufficient to establish a causal rela- 
tionship between the recovered viruses and the undifferentiated diarrheal syn- 
dromes, but the fact that most of the patients from whom a cytopathogenic 
agent was recovered developed antibody shortly after the disappearance of the 
clinical manifestations suggests that the virus infections and the disease were 
at least concurrent and could have been etiologically related. Only simul- 
taneous studies in children of similar age with and without these diarrheal dis- 
eases will establish the significance of the high incidence of associated viral 
infection that was found in this study. 


Appendix 


A study, completed in 1956, on 100 infants and children up to 4 years of age 
with summer diarrhea and 100 simultaneous controls without diarrhea, matched 
for age and time of sampling, indicated that various types of ECHO viruses 
were significantly associated with the disease, while the Coxsackie and polio- 
myelitis viruses occurred with equal frequency in the control group. 

Further work on Strains Ds; to Ds showed that Strains D3, D4, and D; are 
new, antigenically distinct ECHO viruses. Strain D1, although not neutral- 
ized by the available ECHO 6 prototype antiserum, was found to be a member 
of the antigenically heterogeneous ECHO 6 group of viruses, because D, anti- 
serum neutralized ECHO 6 virus to the same extent as the D, virus. Strain 
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Dz , although initially not pathogenic for newborn mice and not neutralized by 
the available Coxsackie B; antiserum, has yielded an antiserum that neu- 
tralizes various Coxsackie B; strains. 
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ASEPTIC MENINGITIS CAUSED BY ORPHAN VIRUSES 
AND OTHER AGENTS 


By Harry M. Meyer, Jr., Nancy G. Rogers, Marie L. Miesse, and 
Irving P. Crawford* 
Department of Virus Diseases, Walter Reed Army Institute of Research, Washington, D. G 


The Department of Virus Diseases of the Walter Reed Army Institute of 
Research, Washington, D. C., provides central laboratory diagnostic service 
for military and dependent patients hospitalized in the United States and over- 
seas. Specimens from approximately 200 cases of presumed viral infection of 
the central nervous system (CNS) are received annually for diagnosis. Pre- 
requisites for study of such cases are adequate clinical abstracts and paired 
(acute and convalescent) sera; in addition, materials for the attempted isola- 
tion of viral agents are frequently submitted. 

TABLE 1 summarizes the results obtained during the past 3 years in the study 
of such cases. 

Elsewhere this laboratory has pointed out that poliomyelitis, lymphocytic 
choriomeningitis, mumps, and herpes simplex viruses and Leptospira are 
responsible for 30 to 40 per cent of cases of “‘viral”” CNS disease studied by our 
laboratory; arthropod-borne encephalitic viruses, tubercle bacilli, and fungi 
occasionally produce this syndrome.!:? It will be noted that, in addition to 
the above diseases, TABLE 1 lists the detection of 13 orphan (ECHO) virus 
infections and 4 Coxsackie virus infections associated with the aseptic meningi- 
tis syndrome. This report is primarily concerned with the incrimination of the 
latter viruses as causative agents of benign, nonparalytic CNS infection 
(aseptic meningitis), 


Methods 


The major addition to our diagnostic approach during this 3-year period 
was the routine application of tissue-culture techniques to virus isolation and, 
in more limited fashion, to serology. Nevertheless, the gamut of diagnostic 
procedures employed in previous years was actively maintained and applied, 
in part or in toto, to the more recent clinical materials. 

The general procedure evolved in recent years for the recovery of viral 
agents from alimentary tract specimens (stools and throat washings) entailed 
the inoculation of monkey-kidney tissue cultures, t HeLa tissue cultures, and 
suckling mice less than 24 hours old. Inoculated tissue cultures were observed 
microscopically at daily intervals for 14 to 21 days. At least 1 blind passage 
was made, usually on the Sth to 10th day after inoculation, if no obvious cyto- 
pathogenic change had occurred by this time. When changes were observed 
in the cell sheet, the unknown cytopathogenic isolate was tested against anti- 
sera for the 3 types of poliomyelitis virus. In this initial typing the “rapid 
neutralization typing technique”? was used routinely. Agents unidentified 


* The technical assistance of George E. Holmes and Hampton D. Huff i tefull ke: 
t All tissue cultures were obtained from Microbiological Assculites Inc. : Bethesda Md, sa pe 
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TABLE 1 


ETIOLOGICAL Stupy oF 416 Cases oF “VirAL’’ DISEASE OF THE 
CENTRAL NERVOUS SysTEM 
(1953 To 1956)* 


Number of diagnosed cases by clinical syndrome 
Etiology of case 
Aseptic meningitis Paralysis Encephalitis 
Heo lloury clitiscetane- ...ametcid « sean te a seitee oils 20 79 1 
PERINDS 526: 52 ee: 1 Aa ws eg ae 41 6 8 
Lymphocytic choriomeningitis.............. 28 2 4 
BIG MDESISIMIDIEX: ner cine fee eraser Annals sie 6 3 5 
Arthropod encephalitis.........7.......... 2 2 10 
EDC OSPULOSIS ett ert im ie iehe cis Dicas ate ya eta el 12 0 0 
RIDER CULOSISY oan hope ccgies agate ues nce ava nie eid 4 0 1 
MOCCICIOIMOMYCOSISsc. ti s.c24 cee ees ose ee 1 0 0 
PON GACKIC NE Set ire stat icians, See wlan coh 4 0 0 
CO SAND Ie stregiapag ics aiategshitc usar lcasleia spon ah vees 13 0 0 
PNG EMTCIAPTIOSEM 4 cnisiaG sca sneri es bint ww as 131 id 92 29 i 
MOET OCIA PMOSEM sey rice ege chalet yalcaeic ws ote ai 106 26 32 
Percentage diagnosed.....-...--.-2.+.2.00- 55% 78% 48% 


* At the Walter Reed Army Institute of Research, Washington, D. C. 


by this procedure were again tested in measured small doses (100 tissue culture 
cytopathogenic doses9)* against the 3 prototype poliomyelitis monkey-immune 
sera singly and in combination. The absence of neutralization in the latter 
procedure clearly indicated that the cytopathogenic isolate was not a polio- 
myelitis virus or mixture of poliomyelitis viruses. If the changes in the cul- 
tures, particularly in the HeLa cells, resembled the typical cytopathogenic 
abnormalities caused by adenoviruses, formerly known as the RI-APC viruses,” 
then the infected cultures were used as complement-fixing antigen in tests with 
adenovirus antiserum.’ Agents not identified by these procedures were tested 
for animal pathogenicity. All agents, identified or not, were tested against 
acute- and convalescent-phase sera from the patient. When no antibody was 
demonstrable in the convalescent-phase specimen, the recovered agent was 
considered to be of no etiologic significance. 

Tissue-culture neutralization tests performed in culture tubes employed 
approximately 100 tissue culture cytopathogenic doses» of virus per 0.1 ml. of 
inoculum against the designated human or animal serum. All sera were in- 
activated at 56° C. for 30 minutes. Serum-virus mixtures were incubated at 
room temperature for 1 hour prior to inoculation. Antibody titers were ex- 
pressed as the reciprocal of the highest serum dilution (initial dilution) that 
completely prevented cytopathogenic changes. Each test included appropriate 
virus, serum, and cell controls. 

In certain instances comparative values were obtained by employing a modi- 
fication of the tissue-culture metabolic inhibition neutralization test.’ Gener- 
ally serum titers were twofold to fourfold higher by this method. 
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TABLE 2 


SEROLOGIC TYPES OF COXSACKIE AND ORPHAN VIRUSES ISOLATED 
From 17 Cases oF ASEPTIC MENINGITIS 


Coxsackie Orphan 
Group A Walter Reed 1 11 
Type 9 0 
Group B 
see Walter Reed 2 1 
5 Siig 
4 0 
5 0 WalterReed 3 1 
Total 4 13 


* Four additional agents of this serotype were recovered from siblings of one patient (W. Y.) in this category 


Results 


In this particular study, 13 orphan* and 4 Coxsackie viruses were recovered 
from alimentary tract specimens of patients with aseptic meningitis. None of 
these cases showed frank paralysis or encephalitis. In each of these 17 pa- 
tients, homologous antibody for the viral isolate appeared or increased signifi- 
cantly during convalescence. Furthermore, in 16 of the 17 patients the results 
of serodiagnostic tests excluded the following infections from etiologic considera- 
tion: poliomyelitis, mumps, lymphocytic choriomeningitis, herpes simplex, 
leptospirosis, and certain of the arthropod-borne viral encephalitides. In the 
one remaining individual, test results indicated recent infection with both 
Coxsackie (B3) and lymphocytic choriomeningitis viruses. Either of these 
viruses could have caused this patient’s illness. 

Neutralizing antibodies for orphan and Coxsackie isolates generally appeared 
in the first week of the patient’s disease and reached high titer during the en- 
suing 3 weeks. The neutralizing-antibody titer in acute-phase specimens was 
rarely greater than 1:10; convalescent-phase titers ranged from 1:40 to 1:160. 
In the one instance so tested, specific neutralizing antibody for an orphan-virus 
isolate was still present at high titer 14 months after infection. 

The results of serologic typing of the 17 orphan and Coxsackie isolates are 
given in TABLE 2. These data were obtained by neutralization tests employing 
type-specific rabbit antisera. Three of the 4 Coxsackie viruses were identified 
as serotype B3 and the otherasB2. The 13 orphan viruses fell into 3 serological 
groups, which are designated in this TABLE as Walter Reed, 1, 2,and3. Eleven 
of the orphan strains belonged to the WR 1 group. 

Illustrative data from cross-neutralization tests employing the 3 prototype 
WR strains and their antisera are listed in TABLE 3. It is evident that there is 
little or no antigenic relation between the 3 serologic types. 

Each of these prototype strains has been tested for pathogenicity in embry- 
onated eggs, suckling and adult mice, guinea pigs, rabbits, and monkeys, with 
negative results. The absence (1) of apparent disease in animals, (2) of lesions 


* One of these strains was isolated by Trygve O. Berge of the Sixth Army Area Medical Laboratory, Fort 
Baker, Calif. : 
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TABLE 3 


NEUTRALIZATION TESTS witH WR OrpHAN ViruSES AGAINST HomoLocous 
AND HETEROLOGOUS ANTISERA 


Titer of rabbit antisera* 
WR prototype strain 
WR 1 (E. T.) WR 2 (J. M.) WR 3 (R. J.) 
BVVORR IH Ds) cacets a «dens: eateuialle 6 128 <4 <4 
MORRO. MY As. bce os gin fens <4 128 <4 
eae eT Ys leh hk cdl <4 <4 256 


* Reciprocal of serum dilution against 100 monkey kidney tissue culture CD50 of virus. 


on the chorioallantoic membranes, and (3) of hemagglutinin in amniotic fluids 


_ (tested at 3 and 7 days both at room temperature and 4° C.) served to exclude 


certain viruses known to frequent the alimentary tract of man, including herpes 
simplex, influenza, mumps, and perhaps others. The poliomyelitis-like cyto- 
pathogenic changes produced in tissue cultures differentiated the WR strains 


_ from measles, varicella, and adenoviruses. Failure of the 3 WR prototypes 
to produce clinical disease or paralysis following intracerebral inoculation into 


the motor cortex of 2 rhesus monkeys served as preliminary evidence that none 


~ of these agents was a “fourth” type of poliomyelitis virus. 


Ae ee 


a NAY 


4:1 hea 


Recently, through the kindness of W. Hammon, J. Melnick, and A. Sabin, 
we obtained prototype strains of the 13 ECHO viruses designated by the ECHO 
Virus Committee in December, 1955.8 A comparison of the WR orphan agents 
with the ECHO viruses was accomplished by neutralization tests using the 3 
WR prototype antisera at dilutions of 1:4 (20 or more antibody units) against 
each of the 13 ECHO viruses. Results showed that WR 1 was related to 
ECHO 6 and WR 3 to ECHO 2.* WR 2 antiserum failed to neutralize any 
of the ECHO viruses of Types 1 through 13.7 

After establishing the fact that our WR 1 prototype was related to ECHO 6, 
several immune sera of WR 1 strain were titrated against the homologous strains 
and the ECHO 6 (D’Amori) prototype. Preliminary data with 5 agents against 
4 sera are presented in TABLE 4. These results suggest that serologic hetero- 
geneity exists within the WR 1 or ECHO 6 group. The variations in titer of 
the first 3 antisera (C. A., P. C., and L. T.) against their homologous strains and 
against each other are, in general, within the limits of test variability. How- 
ever, these same sera titer eightfold less with the E. T. strain, and fourfold less 
with ECHO 6 virus. Since its titer is fourfold greater for the homologous E. T. 
strain than for the other 3 WR 1 strains, the antiserum prepared against strain 
FE. T. mirrors this effect. It thus appears that strains C. eee. (and 1. 


_ are similar, while the E. T. strain is somewhat different. 


Clinical Findings 


TABLE 5 summarizes certain clinical data pertaining to the 13 cases of aseptic 
meningitis of orphan-virus etiology. All WR orphan strains were recovered 
from specimens collected in the summer and fall of 1955, except the original 


ution of 1:4 did not neutralize any of the viruses used in this study. 


¥ immunization rabbit sera at a dil ) t 
fae hown to be serologically related to a virus designa- 


+ Since the presentation of this paper, WR 2 has been s 
ted by J. Melnick as ECHO 14. 


336 Annals New York Academy of Sciences 


TABLE 4 
HETEROGENEITY WITHIN THE WR 1 ORPHAN Virus GROUP 


Neutralizing antibody titer* 
Virus strain 


C. A. PAG. L. T. Dd 

“e a SR ERIS eee yr ane 640 1280+ 160 80 
Eins Ga ao, cots cal Chonan nt Aerio a 1280} 1280f 640 80 
Lhe Dihecgaice 2 tase ere 12807 1280t 320 80 
Bs, Tiasvates ses gee eee ees 80 160 40 320 
ECHO 6; D’ Amonsee erence. 160 320 80 160 


* Reciprocal of serum titer against 300 to 1000 IDso (metabolic inhibition neutralization test). 
{ Highest serum dilution tested. 


TABLE 5 
Data on 13 CasEes oF ASEPTIC MENINGITIS CAUSED BY ORPHAN VIRUSES 


en Promi- 
uscle} nent 
Nuchal spasm | G. I. CSF WBC Blood WBC 
or pain| symp- 


Duration Nuck 
of disease rigidity 


Type 


aeolate State of origin 


WR 1 | Washington,} 4 to 10 days | 7/11 | 9/11 | 10/11 | 35 to 589 | 3,100 to 
D.C. 3 500 


22, 
Mass. 2 Av. 5 days Av. 230 Av. 12,400 
Florida 2 
Calif. 4 
WR 2 | Georgia 1 Approx. 7 days} 1/1 1/1 0/1 990 6,650 
WR 3 | Georgia 1 3 days 1/1 1/1 1/1 130 8,200 


WR 1 prototype (E. T.), which was isolated from a‘patient ill during the sum- 
mer of 1953. Members of the WR 1 serotype were recovered from cases of 
aseptic meningitis occurring in 4 widely separated locations: Massachusetts, 
the Washington, D. C., area, Florida, and California. 

At the time of hospitalization all patients were febrile, and most displayed 
both nuchal rigidity and muscular spasm on physical examination. Definite 
paralysis was not observed either initially or on subsequent musculoskeletal 
evaluation. Gastrointestinal symptoms such as nausea, vomiting, abdominal 
pain, and mild diarrhea occurred frequently during the first few days of illness. 
Posterior cervical lymphadenopathy was detected in 2 cases (WR 1, E. T., and 
WR 2, J. M.) and a palpable, tender liver was noted in another case (WR 1, 
G.R.). Examination of the cerebrospinal fluid uniformly revealed a pleocyto- 
sis that, in all but 4 cases, was predominantly lymphocytic in character. Eight 
patients infected with WR 1 virus had peripheral white blood cell counts rang- 
ing from 10,000 to 22,500 per cu.mm.; 2 had findings within the accepted range 
of normal variation; and 1 (E. T.) had a leukopenia of 3,100 cells (differential 
normal). In general, these findings resemble those observed in cases of non- 


paralytic poliomyelitis.® 
Discussion 


Certain general criteria are employed by our laboratory for interpreting the 
relationship of viruses to human disease. This brief discussion will be limited 


Dena: a 
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to our own experience with human enteric cytopathogenic viruses and the asep- 
tic meningitis syndrome. The recovery of a virus during the acute phase of 
illness and the demonstration of a significant increase in specific antibody during 
convalescence are accepted as unequivocal proof of recent infection. These 
findings can date the onset of infection as being in close proximity to the onset 
of symptoms referable to the central nervous system. We feel that such data, 
coupled with appropriate tests excluding other agents known to cause aseptic 
meningitis, constitute presumptive proof that the virus infection was indeed the 
cause of the patient’s CNS disease. However, even here, in the individual case 
one cannot exclude the possibility that the true etiology of the clinical disease 
should be ascribed to another undetected agent. 

Final proof that a virus causes human disease is the result of the accumula- 
tion of a number of cases which a thorough investigation establishes as being 
associated with infection with the new virus alone. As this occurs it becomes 
progressively more likely that this agent bears a true etiologic relationship to 
the clinical syndrome. We feel that the accumulation of 11 intensively studied 
patients with WR 1 (ECHO 6) infection meets these stringent criteria; in the 
single cases of WR 2 and WR 3 (ECHO 2) infection, the evidence is only pre- 
sumptive, and a final decision must be withheld. 


Summary 


The study of specimens from cases of presumed viral infection of the central 
nervous system occurring during the past 3 years resulted in the recovery of 
13 orphan and 4 Coxsackie viruses, all obtained from alimentary-tract material 
of patients with nonparalytic disease. The evidence that these agents caused 
aseptic meningitis has been presented, and it indicates that at least 1 type of 
orphan virus is the cause of human disease clinically indistinguishable from non- 


paralytic poliomyelitis. 
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A NEW VIRAL AGENT ASSOCIATED WITH 
ERYTHEMA INFECTIOSUM* 


By Georges H. Werner, Philip S. Brachman,f Albert Ketler,f 
John Scully,§ and Geoffrey Rake 


The School of Medicine and the School of Veterinary Medicine, University of Pennsylvania, 
Philadelphia, Pa., and the Wistar Institute of Anatomy 
and Biology, Philadelphia, Pa. 


Introduction 


In the spring of 1955 an epidemic of erythema infectiosum, or fifth disease, 
occurred in a grade school in Reading, Pa. The school building housed grades 
1 through 6 and grade 9, comprising a population of 376 students and 9 teachers. 
Of the 67 recognized cases among the school children and their known contacts, 
54 were found in those actually attending the school, the latter figure represent- 
ing an attack rate among the school children of 14.4 per cent. Eight cases were 
among preschool contacts, 2 among high school contacts, 2 among the teachers, 
and 1 in the mother of 1 of the affected children. 

The onset of the first recognized case was on March 9. However, the next 
clinical case was not diagnosed until April 11. Of the cases with known dates 
of onset, 36.7 per cent occurred during the first 10 days in May, and the last 
recognized case occurred on June 1. The exact date of the onset of 18 cases is 
unknown, but it was some time between March and early June. 

The clinical picture resembled that described in the literature for erythema 
infectiosum and showed the variations expected in any exanthematous disease. 
The rash was associated with, or at least exacerbated by, physical activities in 
most of the cases. There were, essentially, no other complaints except for 
pruritus in 14 of the individuals. Findings of physical abnormality were limited 
to the rash. Bacteriological] examination of nose and throat swabs did not re- 
veal abnormal organisms. Hematological examinations were essentially nor- 
mal except in 6 individuals with an initial eosinophilia that persisted in 3 of 
them for at least several months. These data do not confirm the reports of 
others that eosinophilia is regularly associated with this disease. 

Incidence of the disease was essentially equal in both sexes. The greatest 
number of cases occurred in children ranging from 6 to 9 years of age. The 
third grade had the highest attack rate; namely, 39 per cent. Grade 1B had 
the second highest attack rate, 17.1 per cent, and the sixth grade followed with 
16.3 per cent. Class 2B had an attack rate of 15.4 per cent. One case oc- 
curred in the fifth grade, and none in the ninth. Adult cases occurred in the 
teacher of the third grade and in one of the teachers of the second grade. 

The third and sixth grades are located by themselves on the third floor of the 


* The work described in this paper, contribution No. 5 from the Section on Microbiology in Medicine, 
ie of mon page cl o 
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Health Service, Department of Health, Education, and Welfare, Bethesda, Md. Srie 2 Heaire 
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TABLE 1 
ATTACK RATE By CLASSROOM 


| 
Third Floor 5-2.07% 


eS a es 
2B-15.4% Teachers 


school. The relatively high attack rate in the sixth grade may be related epi- 
demiologically to the proximity of these children to the more susceptible third- 
grade group, since the older children thus received an enhanced exposure to 
this apparently moderately contagious disease. The attack rate by classrooms 
is shown in TABLE 1. 

There was no difference in the incidence of past communicable diseases in the 
children with the rash and in those without it, nor was there a change among the 
reportable communicable diseases in Reading, Pa., that could be related to the 
epidemic of erythema infectiosum. Morbidity statistics for reportable com- 
municable diseases in a neighboring city, Philadelphia, Pa., indicated seasonal 
peaks of incidence parallel with those in Reading, not only in 1955, but also in 
the 2 preceding years. 


Laboratory Results 


Specimens for laboratory study were obtained from 9 cases and from 3 con- 
tacts in whom the rash had not been observed. These consisted of whole blood, 
heparinized blood, throat and nose swabs (pooled), throat washings, and stools. 
Specimens from clinical cases were obtained from 5 to 31 days after onset of the 
rash. Second sera were taken from cases and contacts after a further interval 
of 28 days. 

Heparinized blood, nasopharyngeal samples in broth, and 20 per cent stool 
suspensions in broth were stored in a dry-ice chest for 1 month, and then inocu- 
lated into tube cultures of monkey kidney cells. The cells were cultured and 
maintained in a calf serum-lactalbumin hydrolysate medium. After inocula- 
tion of the various specimens, the tube cultures were incubated at S72 Cain 
a roller-tube drum, and observed microscopically every day. Culture fluids 
were changed every 3 to 4 days; the used fluids from each specimen were pooled 
and stored at —12° C. The first passages of all the specimens gave negative 
results. For this reason, blind passages were performed, with pooled fluids 
and scraped cells from each culture used as inocula for fresh tubes. 

Distinct cytopathologic changes were observed in the third blind passage 
of 1 stool specimen (R3), the fourth blind passage of a throat washing (S.R.), 
and the second blind passage of another stool specimen (R. L.). Different 
batches of monkey kidney cells purchased from a commercial biological supply 
company were used for each passage, and the first appearance of cytopathologic 
changes for each of the 3 specimens was associated with different batches. In 
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FicurE la. Normal monkey renal cells fixed with methanol and stained by Giemsa’s 


method. 100. Ficurre1b. A portion of the culture shown above more highly magnified. 
550. ; 


subsequent passages, cytopathology was observed regularly as early as 3 days 
after inoculation, and this progressed slowly until almost the entire culture was 
involved. 

The cytopathology, identical in the 3 series of cultures designated above, con- 
sists of the appearance of many giant multinucleated cells, in which a great 
many nuclei are arranged in a rosettelike fashion within a common cytoplasmic 
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matrix that often contains many large vacuoles. These giant cells, scattered 
throughout the culture and varying in size and in number of contained nuclei, 
are particularly striking when the culture has been stained by Giemsa’s method 
or with hematoxylin-eosin. In stained cultures, it can be seen that the nuclei 
of the giant cells contain 1 or more acidophilic, spherical inclusionlike bodies. 
The nuclei that contain these conspicuous inclusionlike bodies show basophilic 
borders suggestive of marginated chromatin. Furthermore, in infected cul- 
tures stained with hematoxylin-eosin, the cytoplasm of the giant cells reveals 
large, strongly eosinophilic bodies that assume various shapes and are not 
stained by the Giemsa method. Ficure 1 shows normal monkey kidney cells, 
and FIGURE 2 illustrates the cytopathology observed in the inoculated cultures. 

The 3 specimens mentioned above were the only ones to induce the formation 
of giant multinucleated cells. This typical cytopathology was absent from the 
concurrent control cultures and also from a large number of cultures inoculated 
with other specimens from the epidemic in Reading and with specimens obtained 
from other illnesses. _ 

At present, the 3 original cytopathogenic agents (R3, S. R., R. L.) have been 
passed 13, 9, and 7 times respectively in monkey kidney cells, and the charac- 
teristic cytopathology has been observed at each passage. Furthermore, the 
S. R. agent has been grown in cultures of human amniotic cells and has induced 
cytopathologic changes identical with those observed in monkey kidney cells. 

In May, 1956, Gertrude Henle of the Children’s Hospital of Philadelphia, 
Philadelphia, Pa., in a personal communication reported the observation of the 
formation of giant multinucleated cells, with intranuclear and cytoplasmic in- 
clusionlike bodies similar to the ones herein described, on first passage in 
monkey kidney cells of 2 throat swabs obtained from a current epidemic of 
erythema infectiosum in another town in southeastern Pennsylvania. 


Serological Data 


Early in the course of this work it was noted that complement-fixation tests 
could be performed with the sera of the Reading patients by use of the undiluted 
fuids from tissue-culture passages of the agents as antigens. The titers ob- 
tained, however, were very low, and concentration of the antigen was neces- 
sary. To this end, cultures of monkey kidney cells in bottles were infected with 
agent R3, and the pooled culture fluids and ground tissue were first clarified by 
horizontal centrifugation at 1000 rpm for 15 min.; the supernates were then 
centrifuged for 1 hour at 28,000 rpm in the No. 30 rotor of the Spinco centri- 
fuge. The sediments were resuspended in a volume of Hanks’ balanced salt 
solution representing a tenfold concentration of the original fluids. This con- 


-centrated antigen had no anticomplementary activity. 


The 9 pairs of acute and convalescent sera and 3 pairs of sera from asympto- 
matic school contacts collected during the Reading epidemic were tested in 
complement-fixation tests against the concentrated antigen. Tr he sera had 
been previously absorbed with sheep erythrocytes. Two full units of comple- 
ment were added to the antigen-serum mixture, which was then incubated for 
40 min. at 37° C. before addition of the hemolytic system. Twenty-five per 
cent hemolysis was taken as the end point. 
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Ficure 2a. A culture of monkey renal cells 4 days after inoculation with agent S. R. 


passage 8, stained by Giemsa’s method. 100. FicurE 2b. A portion of the culture shown 
above, more highly magnified. Note the multinucleated giant cell. 550. 
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TABLE 2 


COMPLEMENT-FIXATION TITERS OF ACUTE-PHASE AND CONVALESCENT-PHASE SERA 
COLLECTED DURING AN EPIDEMIC IN READING, Pa. 


Acute serum Convalescent serum 
Case Age (years) 
Deve im CF titer Deve: tom CF titer 
A. L. H. 6 5 8 33 64 
ieee OF ff 5 8 33 16 
R. K. 8 5 8 33 16 
Sr. Ros Adult 9 4 37 32 
al Ws, 7 13 4 41 32 
R. G. 9 14 32 42 128 
M. L. W. 9 23 32 51 64 
eK 9 30 4 58 8 
SraC, Adult 31 4 59 16 
School contacts 
ae Fi S 
Initials Age (May 18, 1955) Ce 058) 
Sr. Rob. Adult 8 32 
Sr. F. Adult Z 16 
R. W. 12 2 8 


TABLE 2 shows the results of these tests. Five of the 9 pairs of sera from 
actual cases show at least a fourfold rise in titer, and all 3 paired sera from con- 
tacts show at least a fourfold rise. The acute-phase sera were often obtained 
late after the onset of the rash and, in 2 cases (R. G. and M. L. W.), this is 
apparently reflected in a titer already high. 

As controls, 7 sera collected at random from adults in this laboratory were 
tested for complement fixation in the presence of the concentrated antigen; 
5 of these were negative at a 1:4 dilution, and 2 showed titers of 1:8 and 1:32 


respectively. 


Discussion 


One of the problems facing the virologist in the isolation of a new viral entity 
is the possibility that the experimental host may be contaminated by a latent 
virus that is unmasked by subsequent passages. This problem is especially 
acute, as numerous workers have recently shown, when cultures of monkey 
kidney cells are being used. 

In the course of this work, cultures that were conspicuously contaminated by 
the “foamy agent” first described by Rustigian, Johnson, and Reihart,’ have 
been seen frequently. Although this agent also induces the formation of giant 
cells, a number of morphological features permit its true recognition. Chief of 
these is the absence of any intranuclear inclusionlike body. Initially, cultures 
contaminated by the “foamy virus” were not used. Whenever a passage was 
made in a batch of monkey kidney cells that later turned out to be contamin- 
ated, this passage was likewise discarded. 
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It is difficult, on the basis of accounts published to date, to discriminate be- 
tween the cytopathologic effects of the agents isolated from the Reading epi- 
demic and the corresponding effects of measles virus as reported by Enders and 
Peebles in 1954.2. The latter agent produces large vacuolated giant cells in which 
the central portion of the nucleus is occupied by an acidophilic inclusion body. — 
However, there appear to be differences between this intranuclear inclusion 
body and that found in the present investigation. Furthermore, there is 
apparently no report of intracytoplasmic inclusions in cultures infected with 
measles virus. However, variations in fixation and staining techniques may 
possibly account for these differences. 

As has recently been shown by Ruckle,* an agent that is indistinguishable 
immunologically and cytopathologically from measles virus can be found in 
uninoculated cultures of cynomolgus monkey kidney cells. According to 
Ruckle, this agent does not grow well in cultures of rhesus monkey cells. It is 
of interest, therefore, to note that rhesus monkey kidney cells have been used 
exclusively in the present studies. 

Many types of simian viruses have been discovered by Hull and Minner* 
in uninoculated cultures of monkey kidney cells. On the basis of the informa- 
tion available at the present time, no significant analogies between the Reading 
agents and any one of these simian viruses can be found. The possibility re- 
mains, however, that the presence of such simian viruses in some batches of 
poliomyelitis vaccine may lead to the appearance, in vaccinated children, of — 
antibodies against such viruses. In this connection it should be stated that 
the poliomyelitis vaccination program had not yet been initiated in the Read- 
ing grade school during the spring of 1955. 


Summary 


(1) An epidemic of erythema infectiosum was studied during the spring of 
1955 in Reading, Pa. There was a total of 56 cases among 376 students 
and 9 teachers at 1 school and 11 cases among the contacts of these patients. 

(2) A cytopathogenic transmissible agent was obtained from monkey 
kidney cultures inoculated with clinical material. 

(3) The serological data from cases and contacts are suggestive of a relation- 
ship between the cytopathogenic agent and the disease erythema infectiosum 
in humans. 

(4) Work is in progress to identify the agent further. 


Addendum 


During the month of May 1956, an outbreak of erythema infectiosum oc- 
curred in a school at King of Prussia, Pa. Twelve nasopharyngeal specimens 
have been inoculated directly into cultures of human amnion cells to date. 
From one of these, an agent has been isolated that produces cytopathologic 
effects identical to those induced in monkey kidney cells by the Reading agents. 
A report on this epidemic, which is the same as that mentioned in connection 
with Henle’s isolations, will be published later. 
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DISCUSSION: PART III 


John F. Enders, Chairman 
Children’s Hospital, Boston, Mass. 


Cyrit S. STULBERG (Child Research Center of Michigan, Detroit, Mich.): Tf 
we are to discuss the etiological relationship of enteric viruses to diarrheal dis- 
ease, an important point to consider is the significance of a group of agents 
now known to cause both epidemic and endemic diarrhea in infants; namely, 
the enteropathogenic serotypes of Escherichia coli. It is interesting to note 
that the situation with regard to orphan viruses today is in many ways anal- 
ogous to that existing just a few years ago with regard to E. coli. Many work- 
ers were reluctant to accept the notion that organisms that appeared, at the 
time, to be commensal in the intestinal tract were associated with diarrhea. 
It was not until the antigenic classification of the E. coli group was completed, 
until carefully planned epidemiological and clinical studies were carried out 
and, finally, until Koch’s postulates were fulfilled that incontrovertible evidence 
for the causative role of these organisms was produced. 

It is possible, therefore, to delineate E. coli diarrheas both bacteriologically 
and clinically in order to distinguish them from diarrheas of possible viral eti- 
ology. The first differentiation can be established bacteriologically. During 
the acute disease, the special serotypes of E. coli are found in virtually pure 
culture in the stools. The use of effective antibiotic therapy eliminates both 
the organisms and the diarrheal symptoms almost simultaneously, although 
the effects of dehydration may persist, depending upon the severity of the in- 
dividual case. 

A second differentiation can be made on epidemiological as well as on clin- 
ical grounds. £. coli diarrheas occur almost exclusively in newly born and 
young infants. As far as we know, with only a few exceptions, E. coli diarrhea 
does not occur naturally in adults. It remains to be established whether this 
fact is related to the known presence of antibodies in the adult population, 
whether it is due to the ecology of the adult intestinal tract, or whether it is 
due to other factors. Adult carriers exist, and experimental infections can be 
produced, but this is another matter. Next, recurrent relapses are a distinc- 
tive characteristic of E. coli diarrheas in infants. We now know that relapses 
are concomitant with the presence of the enteropathogen in the intestine. It 
has been our experience and that of others that those diarrheas not caused by 
E. coli rarely relapse. Another feature of E. coli diarrheas is their high rate 
of transmissibility even in the face of good isolation procedures. This char- 
acteristic can be related to the fact that the pathogens are present and are be- 
ing excreted in virtually pure culture and that they can often be found in fo- 
mites, air, dust, carriers, and elsewhere. We cannot use this information to 
account for possible viral diarrheas, since we do not yet have viral agents clearly 
identified with diarrhea. Another important point that we must keep in mind 
is the fact that, since the introduction of serotyping as a diagnostic procedure, 
the majority of institutional epidemics studied have been traced to E. coli. 

TABLE 1' shows the diversity of diarrheas that we found in 459 sporadic 
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TABLE 1 


CLASSIFICATION OF SPORADIC CASES OF INFANTILE DIARRHEA ADMITTED TO THE CHILDREN’S 
HospiraL oF MicHIGAN* From OcToBER 1, 1954, To June 1, 1955 


Categories prot 0-26 | 0-55 | 0-86 | 0-111 | 0-119 | 0-125 | 0-126] 0-127 
Associated with enteropathogenic ; 
TOG) ee 0 Coca Tee s eh : a ioe 106 3 9 1 7 4 4 | 25 | 53 
E, coli present but not belonging to Possible etiology: 
SESCLOLV DCS mettre tis ore oeers 287 Unknown E£. coli enteropathogen? 
Other ieaiige bacterial enteric patho- 
: gens 
WINGeCGENGMNeC cnc. sade seen 52 Missed enteric pathogens? 
Parenteral diarrheas? 
Feeding problems? 
Allergies? 
‘ Viruses? 
ESI OWEL IG nike cre sel Site lates arses 10 | | | | | | | 
eee rk. 4 | | | | | | | 


* Detroit, Mich. 


cases hospitalized during a period of 9 months. A significant number of these 
cases was caused by enteropathogenic £. coli serotypes—roughly 25 per cent 
of the total. In studies initiated to determine what viruses might be present 
in these cases, as well as in stool material obtained from an institutional epi- 
demic caused by E. coli 0-127: B8,? preliminary results indicate a situation simi- 
lar to that described elsewhere in these pages by Ramos-Alvarez. We have 
isolated as yet untyped cytopathogenic agents from diarrheas represented in 
each of the categories shown in TABLE 1, as well as from epidemic material. 
However, until more complete epidemiological and clinical evidence is avail- 
able on the relationship of cytopathogenic agents to diarrhea, it would seem 
desirable to avoid classifying them as diarrheal strains. 
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Franxuin A. Neva (School of Public Health, Harvard University, Boston, 
Mass.): Hammon’s paper presented some of the difficulties to which tissue cul- 
ture techniques have led in the isolation of poliomyelitis viruses. From the 
experience that he has related, we seem now to have gone the full circle; per- 
haps we should go back to using monkeys for isolating poliomyelitis viruses. 

In regard to Kibrick’s paper, it may be of some interest to remember that 
recently some antigenic relationship could be demonstrated between the agents 
that were isolated in Boston, Mass., from patients with an unusual exanthem 
disease in 1951 and those recovered from some cases of so-called nonparalytic 
poliomyelitis. Incidentally, as I recall, some of those unclassified agents were 
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isolated by Frederick Robbins,! now of Western Reserve University, Cleveland, 
Ohio, during the early tissue-culture work with polioviruses. It should be 
pointed out that this epidemic exanthem occurred within several months of the 
time at which the patients to whom Kibrick referred were hospitalized. Arti- 
ficial antisera to the exanthem viruses and to one of Kibrick’s 1951 strains do 
show some cross-neutralization. However, quantitative studies of this rela- 
tionship have not yet been made. Also, some of the strains that were isolated 
from the patients with nonparalytic polio have apparently exhibited character- 
istics in tissue cultures different from those of the agents isolated from patients 
having exanthem disease. At this time no further information is available, so 
we can say only that there seems to be some relationship between these 2 agents, 
but that the extent and nature of this relationship remain to be determined. 

I should like to point out a difficulty encountered in using rabbit serum for 
neutralization tests. I think this factor might be applicable to some of the re- 
sults that Ramos-Alvarez has presented in his paper and, perhaps, to some of 
the other work that has been referred to in this monograph. This is the fact 
that apparently normal rabbit serum at low dilutions has shown some inhibi- 
tion or neutralization of the exanthem group of viruses with which I have been 
working. Svedmyr,? of the Central Municipal Bacteriological Laboratories, 
Stockholm, Sweden, has also observed this same phenomenon with ECHO vi- 
ruses. Therefore, perhaps we should think twice about using the rabbit for 
preparing artificial antiserum; at least, we should always test preimmunization 
sera with the postimmunization sera when trying to identify unknown viruses. 

The paper of Werner e¢ al. reminds me of Ruckle’s work,’ in which she has 
recovered, from monkey kidneys, agents that produce intranuclear inclusions 
and that appear to be related to measles virus. I should therefore like to ask 
if any measles was prevalent in the community at the time that this outbreak 
of erythema infectiosum occurred. It is evident from the observations of Wer- 
ner and his co-workers that they are aware of this possible relationship. 

One other point about the paper of Werner e¢ al. is that it is possible that the 
methods of fixation and staining used by these investigators may have failed 
to show inclusions if present in the material. 

Finally, I have some general comments. First of all, with reference to the 
agents isolated from patients with Boston Exanthem disease, it may be of some 
interest to know that they show no antigenic relationship to some agents that 
were isolated in London by A. D. Macrae‘ of the Virus Reference Laboratory, 
Public Health Laboratory Service, Collindale, London, England. This in- 
vestigator has kindly given me permission to mention this finding, and I think 
that he will report his work in the very near future. Macrae’s studies con- 
cern some infants who had a febrile illness with'a rash that lasted from 3 to 14 
days. These patients had cells in their spinal fluid, and agents were isolated 
from the stools of the patients that Macrae studied. We have exchanged 
agents and antisera, and there seems to be no relationship of Macrae’s agents 
to those of the Boston Exanthem. Also, there does not seem to be any rela- 
tionship between the Boston Exanthem agents and theECHO viruses that have 
been tested: Types 1, 3,5, 7, and 12. It might also be worth while to point 
out some difficulties encountered in doing neutralization tests with the exan- 
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TABLE 1 
NEUTRALIZATION OF Boston (CLAUSS) STRAIN witH MONKEY ANTISERA 


; Antibody titer as read on day: 
peony, Inoculated with Date of serum f 
6 9 12 
110 Boston (Clauss) strain 1-11-55 <2 _ — 
2-28-55 32 8 <A 
’ 3-8-55 >128 32 4 
113 Pittsburgh (Welsh) strain 1-11-55 <<) — — 
2-28-55 4 to 8 <4 <4 
3-8-55 128 8 to 16 4 


them group of agents. Perhaps others encounter no difficulty in performing 
neutralization tests, but I occasionally do. Neutralization by antiserum with 


this group of agents is not complete. This phenomenon of virus ‘“‘break- 
— through” occurs quite commonly. Therefore, one must be arbitrary in ex- 


pressing antibody titers. 

Another point is that, for these reasons, small doses of virus must be used in 
neutralization tests. Unless some standardized method is employed, it may 
be very difficult tc compare the results from one laboratory with those from 
another; it might also be difficult to compare results in different tissues. 

Taste 1 illustrates my point about the arbitrary nature of the neutralization 
test with this group of agents. This table contains some data on antisera pre- 


_ pared in monkeys to 2 different strains of exanthem agents. These tests were 
done in monkey testicular cultures. The 1-11-55 sera represent bleedings be- 
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fore the monkeys were inoculated with infectious tissue-culture material; the 
9-28-55 sera are bleedings after 2 doses of virus were administered; and the last 
date of 3-8-55 is the final bleeding after another booster dose was given. The 
results with monkey No. 110 showed that, on the sixth day after the virus serum 
mixtures were inoculated, the acute or preimmunization serum showed no anti- 
body at a dilution of 1:2. The first postimmunization serum had a titer of 
32. The final bleeding had a titer greater than 128. Three days later the 
titer of the final bleeding was 32. When the cultures were kept a few more 
days, the titer was only 4. What, then, is the final antibody titer of this serum? 
It is difficult to decide. The results with the other monkey serum are similar. 
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A. B. SaBIn (University of Cincinnati College of Medicine, Cincinnati, Ohio): 
I should like to discuss the ECHO viruses from the point of view of the signifi- 
cance of their occurrence in healthy children and in association with certain 
clinical syndromes. The currently available ECHO virus strains are derived 


from 3 sources: (1) healthy children, (2) patients with the syndrome of aseptic 
meningitis, and (3) patients with diarrhea. At present, the designations “asep- 
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tic meningitis strains” and “diarrheal strains” refer only to the source of the 
viruses and do not imply etiologic association. It is noteworthy, however, 
that, of the hundreds of strains that have been recovered from healthy chil- 
dren, only a very small proportion is antigenically similar to the “aseptic men- 
ingitis strains” that have been classified thus far. However, it should be 
pointed out that there must be hundreds of “aseptic meningitis strains” (and 
I know of no recent census on the subject) that have not yet been identified 
serologically. 

Naturally, the first question that we must ask ourselves is whether we are 
dealing with the viral counterpart of the normal bacterial flora of the intestinal 
tract. My own conclusion is that we are not doing so, chiefly because our 
studies on individuals of different ages have shown that the incidence of these 
viruses is high during the early years of life and becomes lower and lower with 
increasing age until, in young adults, one rarely encounters them. I have — 
never found a single ECHO virus in repeated studies on the stools of more than 
100 young men 20 to 30 yearsold. It would appear, therefore, that the ECHO 
viruses do not establish themselves in a long-lasting symbiotic state with hu- 
man beings but, rather, that they cause temporary infections and then dis- 
appear. Accordingly, it seems to me that we may think of these viruses as 
agents that have lived with the human species since the earliest stages of evolu- 
tion. It is alsonot improbable that the ECHO viruses evolved with the primates 
long before the parent mammalian stock differentiated into monkeys, apes, 
and human beings. Accordingly, it is not surprising to find that chimpanzees 
and monkeys harbor similar viruses in their enteric tracts. My own work on 
poliomyelitis in chimpanzees is constantly affected by the high frequency with 
which unclassified cytopathogenic agents are encountered in the stools of these 
animals. Hull has contributed a paper to this monograph concerning his stud- 
ies on the presence of such viruses in monkeys. 

Viruses that have coexisted with a given species for many millions of years 
are very likely to be infectious agents that cause little or no disease. Certainly, 
it would not be surprising to find an incidence of disease that is even lower than 
that encountered with certain strains of the poliovirus. Imagine for a 
moment what the situation might be if the currently available tissue- 
culture methods had been used before an etiological association had been 
established between the polioviruses and the paralytic syndrome that we 
call poliomyelitis. Applying these methods to healthy children 1 or 2 years 
of age in Veracruz, Mexico, at a time when poliomyelitis was not diagnosed 
in the community, it was possible, by means of a single rectal swab, to find 
that approximately 12 per cent of the children were infected with polio- 
virus. In such an area and under these conditions, the recovery of a similar 
virus from the stools or even from the spinal cord of a rare case of poliomyelitis 
would, by itself, provide little evidence of an etiologic association. It is im- 
portant to remember, therefore, that it was the experimental reproduction of 
a disease clinically and pathologically similar to poliomyelitis in a suitable 
experimental host that actually established the etiologic relationship between 
the paralytic disease and the recovered viruses. 

With this in mind, what can be said about the best way to study the role of 
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ECHO viruses in human disease? One can either take a certain virus and have 


Bat-go “in search of a disease,” as suggested by the title of this monograph, or 


one can pick out certain diseases and have them go in search of viruses by every 


~ new technique that becomes available. The extremely large and continually 


growing number of antigenically distinct ECHO viruses renders it highly imprac- 
ticable to attempt to obtain serological evidence of concurrent infection in cer- 


tain clinical syndromes unless it should become possible to demonstrate the 


_ existence of common antigens by complement-fixation, hemagglutination, or 
_ other techniques, for the whole group or for large numbers of viruses within 


the group. At this stage of development it seems to me more practicable and 
appropriate to select certain well-defined clinical syndromes that we already 
know to possess multiple etiologies, to apply to them the newer techniques of 
virus isolation, and then to classify the recovered viruses so that we may know 


_ the frequency of their association with these syndromes in different places and 


different times. Accordingly, it seems to me that it might be well to concen- 


%: trate, first, on the syndrome of aseptic meningitis and, because by definition 


the ECHO viruses occur predominantly in the enteric tract, also on those syn- 


~ dromes in which the enteric tract contributes markedly to the clinical picture. 


Our problem here is not to associate a specific virus with a specific disease but, 


rather, to obtain evidence of concurrent infection with the viruses that may 


be recovered. It is obvious from much of the work that has been presented in 


~ this monograph and, particularly, from the data presented by Ramos-Alvarez 
~ in his study of summer diarrhea in young children, that it is not sufficient 
~ merely to know the incidence of such viruses among healthy individuals of 
- different ages, during different seasons, and in different regions of a country or 
- different parts of the world. Rather, that it is necessary to know the incidence 


and type of viruses that are being disseminated at the very same time in the 


~ same region among individuals of the same age group without manifesting any 


of the clinical symptoms of the disease under study. If the incidence of cer- 


i tain viruses should be strikingly higher in patients with the syndrome under 
investigation than in the healthy controls or, if the serological types of virus 
should be markedly different from those among the healthy controls, one would 
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have some grounds for suspecting that the concurrent virus infections played 
an etiological role in the clinical condition under study despite the fact that 


these same viruses may be present in other individuals without clinical mani- 


. festations. ‘To complete the chain of evidence, however, it would ultimately 


*. 
~ 


i 


q 


~ be necessary, by tests in monkeys, chimpanzees, or other experimental hosts, 


to demonstrate that, under appropriate conditions, the suspected viruses can 
reproduce the clinical and pathological manifestations of the syndromes under 


_ investigation. 


D. T. Karzon (Virology Laboratory, University of Buffalo, Buffalo, N. Y.): 
A clinical syndrome occurred in epidemic form in western New York State in 
the summer of 1955 and was characterized by (1) acute onset of fever, (2) 
severe frontal headache, (3) nausea and vomiting, (4) pains in the abdomen, 
limbs, or chest and, (5) signs of meningeal irritation. Transient muscle weak- 
ness, especially of the anterior neck muscles, and changes in the superficial and 
deep tendon reflexes occurred in some of the cases, but there was no residual 
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paralysis. One hundred and sixty-two orphan agents have been recovered to 
date in monkey-kidney tissue culture from the stools and pharynges of hos- 
pitalized patients whose disease was reported clinically as ‘“nonparalytic polio- 
myelitis” and from healthy household contacts of these patients. In addition, 


10 agents were recovered from spinal fluids. Agents were recovered from 75 of 
84 hospitalized patients with aseptic meningitis (89 per cent). The virus re- 


covery rate in the stools of these patients was 83 per cent, and from their 
pharynges, 58 per cent. Among 59 stool specimens from household contacts, 
virus was recovered in 30 per cent. No virus was recovered in 16 throat swabs 
from contacts. 

The agents were not neutralized by antisera to poliovirus Types I, I, and 
III. The prototype strains so far studied were not pathogenic for suckling 
mice and were not neutralized by Coxsackie virus antisera B1 through B5 and 
A9. Over 90 per cent of the isolations, including 7 of 10 isolations from cere- 


brospinal fluid, were identified by the neutralization test to be enteric cyto-— 


pathogenic human orphan (ECHO) virus Type 6. A rise in neutralizing anti- 
body level to ECHO virus Type 6 was demonstrated in 7 of 7 patients tested. 
In addition, 3 as yet unidentified orphan serotypes were encountered. 


ARNE SVEDMyR (Central Bacteriological Laboratory of Stockholm, Stockholm, 
Sweden): The etiological role of ECHO virus Type 6 in aseptic meningitis 
appears to be quite evident in our material covering virus isolations from cases 
treated at the Infectious Disease Hospital in Stockholm. My collaborator 
in this study was G. von Zeipel. All the stool isolations were performed in 
cultures of human embryonic lung. The results shown in TABLE 1 appear 
similar to those presented by Sidney Kibrick elsewhere in these pages which 
were obtained in Boston during the same years. In 1953 we had one of the 
most severe epidemics of poliomyelitis ever experienced in Sweden; it was ap- 
parently caused by poliovirus Type 1. This virus was isolated from 91 per 
cent of paralytic children below the age of 16 years when the stool specimens 
were taken within 10 days after onset of the disease, and in 82 per cent of similar 
specimens from children with nonparalytic aseptic meningitis. The corre- 
sponding figures for adults were significantly lower. Only a few adenoviruses 


(Types 3 and 5), Coxsackie, and ECHO viruses were encountered during this 


TABLE 1 
ViruseEs IsoLatEpD DurING 1953 AND 1954 FROM THE STOOLS OF PATIENTS IN STOCKHOLM 


Poliovirus type Cox- | ECHO 
. f Novor sackie viruses 
Clinical diagnosis Epidemic specimens |—————_——_—_— Adeno~ {| ee 
period heated viruses 
Oe ie ah Az | B4 |T¥Pe| Other 
6 types 
Paralytic poliomyelitis 1953 369 248 | 0] 1 1 oO 0 Lait 
. [ . 1954 33 2);4/9 0 000s Oso 
Nonparalytic poliomyelitis or | 1953 213 121|0/0 0 ON LORS 
aseptic meningitis © 1954 130 ZrO! 132 0 2p Zul s4ela 
Other diagnoses - 1953 191 16/1|0 4 (0) ee Ooh ee 
1954 128 0;0;0 1 Oy 1) 4asrrG 


a a he ee 
eat te eng ckie viruses were kindly typed by T. Johnsson of the State Bacteriological Laboratory, Stock- 


eas 
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epidemic. One ECHO Type 6and one Type 9 strain originated from paralytic 


cases. It is obviously possible that the paralytic disease may have been caused 


by the prevalent poliovirus even in these cases. Neither of these patients, 


however, developed complement-fixation antibodies against poliovirus anti- 
gens, a situation we encountered in only 2 per cent of the patients excreting 
poliovirus. Of the 13 ECHO strains obtained during this year, 1 belonged to 


_ Type 6, 1 to Type 7, and 6 to Type 9. 


In the late summer and fall of 1954 the situation was entirely different. Only 


a few paralytic cases occurred, and polioviruses were not isolated from more 
- than about 50 per cent of them; all 3 types were encountered. However, many 


cases of aseptic meningitis also appeared during the same year, and most of 
them were apparently not caused by polioviruses. A very few Coxsackie B4 
and A7 strains were isolated, but not less than one third of the cases excreted 


_ ECHO viruses, mostly Type 6. The patients who excreted Type 6 developed 
~ neutralizing antibodies against this virus. During the same period, very few 
~_ ECHO strains were recovered from the control group of patients studied simul- 


taneously at the same hospital. Actually, the healthy children providing 2 of 


the positive specimens in this group belonged to a family in which 2 other mem- 
bers were simultaneously hospitalized for aseptic meningitis. One of the latter 


_ patients (a sibling) also excreted Type 6 virus. 


Of the other ECHO strains isolated from cases of aseptic meningitis in 1954, : 


~ 2seemed to belong to Type 5 and 1 to Type 7. I might mention, furthermore, 


that at least a few of the virus-negative cases of aseptic meningitis this year 


were possibly caused by a tick-borne virus of the Russian spring-summer loup- 


 ing-ill group, as suggested by preliminary serological tests performed by J. 
Schmidt of the United States Army Medical Graduate School, Washington, 


mC. 
In the fall of 1955, when poliomyelitis was similarly infrequent, we again 


gi isolated some 50 strains, probably belonging to the ECHO group. These strains 
have not yet been studied in detail, however. 


The different cytopathogenic patterns of the various virus groups have proved 
to be useful in diagnostic work. Polioviruses thus caused complete degenera- 
tion of fibroblasts as well as of HeLa cells. Coxsackie B4 strains had only a 
late and partial cytopathic effect on the predominantly fibroblastic cultures of 
embryonic lung, whereas the effect on HeLa cells was comparable to that caused 
by polioviruses. ECHO strains, finally, caused a severe degeneration of the 


fibroblasts but, with the exception of the ECHO Prototype 1 and 10 strains, 


Lh de be Lok a OR 


all the strains we have studied caused only a late and partial degeneration of 
HeLa cells or, sometimes, none at all. Most of the strains may be adapted to 
HeLa cells on passage. This was done with 11 of the 12 remaining prototype 
strains. We have, however, hitherto not succeeded in adapting the ECHO 


Prototype 4 strain. 
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Tom D. Y. Cxin (Communicable Disease Center, Kansas City, Kans.): 
During the latter part of July 1955, an extensive outbreak of aseptic meningitis 
was observed in Marshalltown, Iowa. It was estimated that over 3000 people 
were affected with this illness. Epidemiological and laboratory evidence sug- 
gests that ECHO 4 was the causative agent.* 


The epidemic began during the last week of June and reached a peak during | 


the first week of August. Although individuals of all ages were affected, the 
disease was more prevalent among children and young adults. 

In general, the disease had an abrupt onset with fever, severe headache, stiff 
neck and back, and myalgia. Associated symptoms of sore throat, nausea, 
and vomiting were observed in a large number of the patients. There was no 
paralysis. Pleocytosis, averaging 200 cells per cu. mm., consisting primarily 


of lymphocytes, was noted in the spinal fluid. The disease was self-limited, — 


with the duration of illness lasting usually less than a week. 

Twenty agents were recovered from 57 fecal specimens by means of monkey- 
kidney epithelial cell cultures. Two additional agents were recovered from 
7 throat washings. Thus far, 14 of these agents have been neutralized by 


ECHO 4 antiserum. The remaining 8 strains are still under investigation. — 


Four of the specimens were found to contain a mixture of-ECHO 4 and polio- 
myelitis viruses, 3 of which were Type 1; one was Type 3. 

Paired sera were collected from 25 patients. A significant rise in neutralizing 
antibodies against ECHO 4 reference virus, as well as against a stock virus pre- 
pared from 1 of the patients, was demonstrated in 5 of the paired samples. The 


remaining sera are still under study. Of the 11 paired sera tested against — 


poliomyelitis virus Types 1, 2, and 3, no significant rise in antibody titers was 
noted. Furthermore, no demonstrable complement-fixing antibodies against 


western equine encephalitis (WEE), eastern equine encephalitis (EEE), St. — 


Louis encephalitis (SLE) and lymphocytic choriomeningitis (LCM), or mumps 
could be shown in 5 convalescent sera. 


GISELA RuCKLE (School of Medicine, University of Pittsburgh, Pittsburgh, 
Pa.): I should like to ask Georges Werner which fixation technique he used. 
Was it the collodion membrane technique? 


GrorcEs WERNER: We fixed the cells directly in the tube with methanol, 
stained them with Giemsa, and observed the stained preparation in the tube 
with a Koritzka oil immersion lens. The photographs were taken by the same 
method. 


GIsELA RucKLE: I should also like to ask if the fourth and fifth blind pas- 
sages from your original material were carried out in cultures derived from the 
same batch of monkey-kidney tissue. 


GEORGES WERNER: No, a different batch of tissue was used for each passage. 
We feel now that the blind passages were necessary: first, to eliminate the toxic 
effects of the fecal materials and, second, because we had no idea of the type 


* A 
at pre DET C ODE DSA in the study are P. H. Lehan, G. W. Beran, I. L. Doto, E. W. Chick, M. L. Furcolow, and 
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of cytopathology to be expected. We did not stain the cultures from the first 
3 passages, and it is possible that giant cells thus escaped our attention. 


GISELA RucKLE: The work presented by Werner indicates that, from 
a collection of specimens from acute cases of possible erythema infantum, 2 
stool samples and 1 throat-washing sample yielded a cytopathogenic agent in 
monkey-kidney cultures. Cytopathic effects were produced only after 4 and 
5 blind passages, and the degenerative effects strongly resembled those asso- 
ciated with the multiplication of measles virus in monkey-kidney tissue. The 
fourth and fifth blind passages were made in cell cultures derived from the 
same batch of monkey kidney. 

In connection with this report I should like to recall our experience during 
the early course of studies with measles virus in monkey-kidney tissue. Aside 
from the well-known “foamy agent” that was present in 60 per cent of the 
__ batches of monkey kidney used, one other agent was encountered in uninocu- 
_ lated monkey-kidney tissue derived from supposedly normal monkeys. This 
agent was indistinguishable from the measles virus in its cytopathic and im- 
munological properties. We have called it the monkey-intranuclear-inclusion 
agent (MINIA). The observation of a limited number of control tubes was 
not sufficient to enable us to exclude the presence of this agent in any particular 
batch of monkey-kidney cells. This difficulty was accentuated when kidney 
__ tissue was pooled from a large number of animals rather than restricted to that 
from a single monkey. Therefore, tissue batches were considered free of in- 
digenous cytopathic agents only if no cytopathogenic changes could be detected 
in 70 primary and 35 secondary cell cultures over an observation period of 3 
to 4 weeks. The secondary cultures were prepared from cells contained in 5 
8-oz. bottles. The following figures show that a superficial similarity exists 
between the cytopathic capacity of the foamy agent and the degenerative effects 
produced by measles virus and by MINIA. However, the latter agents pro- 
duced identical effects in monkey-kidney tissue. The tissues illustrated in 
FIGURES 1 through 6 were fixed and stained according to the procedures de- 
scribed by Enders and Peebles.! The photographs in FIGURES 3, 4, 5, and 6 
were taken at a magnification of 1400; the photographs in FicuREs 1 and 2 
represent the same areas as pictured in FIGURES 3 and 4, but magnified X 280. 


- The photographs in the upper left corners of FIGURES 1a and 3a show cyto- 


pathic effects induced by a blood specimen obtained during the early infectious 
period from a patient with classical measles; FIGURES 1b and 3b show the de- 
generative changes observed in uninoculated monkey-kidney cultures caused 
by the multiplication of MINIA. Changes due to the action of the foamy 
agent are shown in FIGURES 2a and 4a, and uninfected monkey-kidney tissue 
is presented in FIGURES 2b and 4b. The common feature of all three agents 
is the production of giant cells. The foamy or lacelike quality can be absent 
or present in varying degrees. 

In the photographs in FIGURE 3 the changes in the nuclei of the giant cells 
are revealed. Large acidophilic intranuclear inclusions surrounded by a clear 
halo are visible. FrcuRE 4a shows that no intranuclear changes are observed 
in connection with the foamy agent. 
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On continued passages in cultures of human amniotic membrane (HAM) 
and human kidney, measles virus and MINIA produce the same cytopathic 
effect as described for monkey-kidney tissue. The foamy agent cannot be 
propagated in HAM and is lost after 3 passages. This provides a tool for 
eliminating foamy agent if it is present with MINIA in the same monkey-kid- 
ney batch. 

It was found that MINIA, which is immunologically identical to measles 
virus, and foamy agent, which is immunologically distinct from both, could 
occur spontaneously in monkeys. 

In view of these data it would seem necessary to use various tissue-culture 
systems for isolation attempts with clinical specimens from diseases of unproved 
etiology. This is especially true when cultures of monkey-kidney tissue are 
used for primary isolation or for passage. When isolations are made only 
after several blind passages, the hazard of encountering indigenous agents is 
multiplied. 


Reference 
1. Envers, J. F. & T. C. Peesres. 1954. Proc. Soc. Exptl. Biol. Med. 86: 277. 


PartIV. Viral Identification and Classification 


PROBLEMS ASSOCIATED WITH VIRAL IDENTIFICATION 
AND CLASSIFICATION IN 1956* 


By Joseph L. Melnick 
Vale University School of Medicine, New Haven, Conn. 


The refinement of tissue-culture methods and the expansion of their use into 
the field of virology have brought into focus large numbers of viruses heretofore 
unrecognized. It is largely because of these collections of new viruses in a 

~ number of different laboratories here and abroad that this monograph has been 


published. In view of the bewildering array of dozens of new viral agents, 


3 


- those of us who have contributed to this publication could just as well have 


- been asked to contribute to a monograph entitled Virologists in Search of Wis- 


dom. Wuebner has aptly said: “In recent years the isolation of a new viral 
- agent has gradually been reduced from an exciting technical feat of high order 
to an almost exasperatingly commonplace occurrence.” Sufficient time has not 
elapsed since the discovery of these new agents, chiefly viruses of the orphan 
or ECHO group, the Coxsackie group, and the adenovirus, to allow the detailed 


~ study required for their complete classification along the lines discussed at the 


oi 


Conference on Virus and Rickettsial Classification and Nomenclature, held by 
The New York Academy of Sciences, New York, N. Y., in 1952.1 I shall be 
concerned here chiefly with the manner in which new virus isolates are handled 
in order that they may be identified quickly. 

The methods of identifying these viruses still rest upon foundations similar 
to those used when inoculation of animals or eggs was the method of choice for 


isolating new agents. In the past a new virus isolate generally was identified 
by the host in which it was recovered (TABLE 1), by the clinical and histopath- 


, 


ological response in this host, and by the antigenic relationships of the isolate 
to known viruses. As a rule, only antisera against known viruses producing 
similar lesions in the host used for isolation were necessary for identification 
of the new isolate. 

In 1956, human viruses are being isolated chiefly in test-tube cultures of 
monkey or human cells. However, the approach to identification and classi- 


fication described above still holds true. I shall discuss only certain aspects 


ce 


v 
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; Ms 


of the problems faced by laboratories isolating new strains. A variety of tis- 
sue-culture techniques as practiced in virus laboratories has been extensively 


reviewed? and need not be reconsidered here. 


Presumptive Classification by Cytopathic Response in Cell Cultures 


Viruses of different groups often produce distinctive cytologic changes that 
can be recognized, even at the time of isolation, by microscopic examination. 

*Th k described in this article as done in the author’s laboratory has been aided by a grant from The 
AR ie SI for Infantile Paralysis, Inc., New York, N. Y. 
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TABLE 1 
EXPERIMENTAL Hosts FOR VIRUSES OF MAN 
Clinical or field specimen 


| 
| | | | 


Infant Adult Eggs Monkeys 
mice mice 
Coxsackie “Arbor” Influenza Poliomyelitis 
Herpes LCM Mumps 
“Arbor’”’* Rabies Smallpox 
Herpes 


* A name suggested by Jordi Casals of the Rockefeller Foundation Virus Laboratories, New York, N. Y., for 
the arthropod-borne viruses. 


Thus, in epithelial cells, poliovirus produces a rapid rounding of cells that 
generally involves the entire culture within 24 to 36 hours after the first changes 
are noted. Relatively few cells survive. In contrast, certain orphan and 
Coxsackie viruses produce focal lesions that spread but slowly over the course 
of 9 or 10 days, and leave many cells in the culture unchanged morphologically. 
Adenoviruses produce distinctive cytologic alterations in epithelial cells; the 
affected cells are round, sharply outlined, often vacuolated, and often form 
cell clumps. The changes induced by the adenoviruses progress more slowly 
than those induced by poliovirus. Herpes simplex and varicella viruses pro- 
duce intranuclear inclusions; certain members of these groups are transmitted 
exclusively or chiefly from cell to cell by contact infection, producing localized 
areas of degeneration, or plaques.*:* Measles is another virus that produces 
localized lesions that sometimes can be seen with the naked eye. This virus 
is further characterized by the formation of large syncytial masses by the ap- 
parent fusion of as many as 40 or 50 cells.’ Measles is readily differentiated 
from Rustigian’s foamy virus (spontaneously found in monkey-kidney cultures) 
by the characteristic intranuclear inclusion bodies found in cultures of measles 
virus. 

A reflection of the patterns of virus growth in different cells may be seen in 
virus-induced plaques, in which virus colonies are localized by a solid agar 
medium placed over the cell sheet.® In this manner poliovirus plaques may 
be distinguished readily from most of those produced by the ECHO viruses. | 
In order to demonstrate ECHO plaques, it was necessary to adapt Dulbecco’s ~ 
technique® to stoppered bottle cultures, in which monkey-kidney cells are stable 
for over 12 days under agar.’ Poliovirus plaques appear in 2 to 3 days as round 
colonies with sharp boundaries; by contrast, ECHO plaques may require 
5 to 12 days to become visible. As shown in FicuRE 1, ECHO plaques are 
more irregular in shape than polio plaques, and their boundaries are diffuse, 
with the exception of Types 7, 8, and 12, the plaques of which are almost 
impossible to distinguish from those of the polioviruses. 


Presumptive Classification by Growth of Virus in “Differential Media” 


Viruses may be separated according to the cells in which they multiply. 
Some viruses show different degrees of growth in different cells. Thus, it has 
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F Ficure 1. Plaque morphology of poliovirus Type 1 (Mahoney), Coxsackie BS (Faulkner), 
and ECHO virus Type 1 (Farouk). 


been the general experience that adenoviruses may be more readily isolated in 
HeLa cells than in monkey-kidney cells. Human kidney and amnion cells 
have been reported to be more reliable indicators of small amounts of poliovirus 
than those of the monkey kidney.® ° 

The differences in cell susceptibility may be extreme.!? As shown in TABLE 
2, epithelial cells of the rhesus monkey (Macaca mulatta) and of the baboon 
species (Papio doguera) were found to be highly susceptible to viruses of the 


¢ 4 TABLE 2 
SUSCEPTIBILITY OF KipNEY CELLS OF 3 DIFFERENT SpEcIES OF MONKEY 
Expressed as Negative Log Virus Titer (Plaque-Forming Units/ml.) 


Coxsackie viruses ECHO viruses 
er. Poliovirus 
a Type 1* 
fh Type A9 |Type Bt] Type 1f Type 7§ 
ae 19 8.7 6.8 8.0 6.9 
_ Erythrocebus patas........-+ ++ -05 ++ 7.9 <1.0 6.5 AID) (ee 
Papio doguerd.......-+-.-.0eee rere: 3) 9.0 8.0 6.9 


_-* Similar results with Types 2 and 3. 
+ Similar results with Types B2 to BS. 
+ Similar results with Types 3, 4, 6, 9, and 14. 
§ Similar results with Types 8 and 12. 
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polio, Coxsackie, and ECHO groups. In contrast, the cells of the African red 
grass monkey (Erythrocebus patas), which proved to be two to three times more 
susceptible than rhesus monkey cells to poliovirus, had at least equal suscepti- 
bility to Coxsackie viruses, but were almost completely resistant to Coxsackie 


A9 and a number of ECHO viruses (Types 1-6, 9, 11, 13, and 14). In con- © 


trast to other ECHO viruses, Types 7, 8, and 12 resembled the polioviruses in 
their high rate of multiplication in cells. of ‘oth rhesus and patas monkeys. 
Antigenic Identification of Common Viruses Isolated by 
Tissue-Culture Methods 


“ap 


The following procedures* have proved to be of particular value in our labo- . 


ratory, where several hundred virus isolations have been made in tissue culture 
in the course of epidemiological and endemiological studies of infections pro- 
duced by the enteric viruses. Most of these viruses have been isolated from 
stools, some from throat swabs, and some from spinal fluid. 

(1) Virus titration. After primary isolation and passage of virus, a titration 
is performed, using at least 3 tubes per dilution and an inoculum of 0.1 ml. 
The range of dilutions found to encompass the titer of most viruses is included 
in a series of tenfold steps from 10! to 10°. The type of cytopathic effect (CPE) 
produced and the rate of its development are also noted at this time. 

(2) Poliovirus identification. This is done with individual type-specific 
hyperimmune sera to the poliovirus types and also with a pool of the 3 types 
to ensure against the possibility that more than one poliovirus type may be 
present. In order to save time and effort, this typing is usually performed at 
the same time as the initial virus titration, mixing a 1:10 dilution of virus with 
a 1:5 dilution of the antiserum and inoculating 0.2 ml. of the mixture. Hyper- 
immune serum, possessing titers over 1:1000 against 100 TCDso (the amount 
of virus producing cytopathic changes in 50 per cent of the inoculated cultures) 
of its homologous virus, should be used in order to neutralize large amounts of 
poliovirus that might be present in the culture fluid. If the control virus ti- 
tration extends beyond the last dilution and if the virus has failed to be neu- 
tralized by the polio antiserum, the test is repeated with a more dilute virus 
suspension. It has been found useful, especially in cases of negative neutral- 
ization because of large virus doses or of mixed infections, to test the undiluted 
tissue-culture fluid as complement-fixing (CF) antigen against polio anti- 
sera, te 

A poliovirus is identified in accordance with the type-specific serum that 
avidly fixes complement with it or that neutralizes its cytopathic effect. If 
it cannot be identified by the above procedures, the following steps are taken: 

(3) ECHO virus identification.® The 50 per cent end-point is calculated 
from the previous titration, and a dilution of virus estimated to contain 100 
TCDso is tested in tube cultures against 4 pools of ECHO antisera. A parallel 
virus titration extending 3 to 4 logs beyond the inoculating dose is also per- 
formed to ensure correct virus dosage. The pools contain antisera to the 14 


* This outline has evolved from the experiences of a number of co-workers, and Ia i i 
. - cknowl 
the assistance of E, Peter Isacson and David Davis in preparing it. 7 baeabes eo yen 
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TABLE 3 
ECHO Antiserum Typinc Poots* 


Pool A Pool B Pool C Pool Dt 
Type 2 Type 7 Type 1 Type 4 ara 
©) 8 i P 14 
5 9 13 
6 10 
11 


* Prototype strains of Pools A and D isolated in New England, of Pool B i Ohi d of Pool C i 
India, and the Philippine Islands." Be ee ee Coe ee 
+ Low titers by cytopathic end point method; high titers by plaque-reduction method. 


known antigenically distinct ECHO viruses, and the dilutions are adjusted so 
that the final concentrations used for neutralization contain, if possible, at least 
90 units of each antibody type. Twenty units represent a twentyfold con- 
centration of that dilution giving 50 per cent neutralization of 100 TCDso of 
virus. 

The composition of the ECHO antiserum pools currently in use is shown in 
TABLE 3. Pool A consists of antisera to those viruses originally isolated from 
patients with the aseptic meningitis syndrome in New England;" pool B is 
composed of antisera to viruses originally isolated from normal children in 
Ohio.® Pool C contains antisera to the “foreign” ECHO viruses’*: 16, 17 and 
is maintained separately, since these viruses seem to be rarely, if ever, isolated 
in the United States. Pool D contains only 2 antisera, also against viruses 
from patients with aseptic meningitis; these are kept separate, since they 
have low titers and must be used in low dilution in the conventional technique. 
If the plaque-neutralization test is used for certain strains such as those of 
Type 4, high serum titers can be demonstrated; this is similar to the situation 
described below for the Coxsackie viruses. 

If neutralization occurs with any of the 4 pools, the virus is tested against 
each individual member of that pool, again using 100 TCDso of virus against 
a dilution of antiserum containing 20 units of antibody. Caution must be 
exercised here, for certain animal sera may contain substances, perhaps true 
antibodies, inhibiting the ECHO viruses. Thus, the new virus might be neu- 
tralized, not by the antibody produced as a result of the investigator’s inocu- 
lation of the animal, but by pre-existing antibody naturally present, but un- 
known to the investigator. Thus, studies in our laboratory'® !° have indicated 
that polio antisera prepared in monkeys may neutralize herpes B virus or may 
react with Coxsackie CF antigens. These antibodies were attributed to the 
pre-existing immune status of the monkeys before polio immunization, for 
similar antibodies were found in normal monkey populations. Today, if the 
identification of a newly isolated cytopathogenic agent rests solely upon its 
neutralization by a polio antiserum or other antiserum, it may be erroneously 
classified unless the immune serum has been shown to be free of other anti- 
bodies. One way to overcome this difficulty is to use immune sera at dilutions 
sufficiently high to eliminate nonspecific reactions. A better procedure, but 
one that is not always feasible, is to determine whether the virus under test 1s 
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neutralized by the postimmunization serum, but not by the preimmunization 
serum. 

Nonreciprocal cross-reactions. The typing of ECHO viruses has led to the 
finding that certain strains cross with each other, but not reciprocally. Thus, 
the Type 6 prototype strain D’Amori is neutralized by immune sera for other 
strains that are not neutralized by D’Amori antiserum.” Strains that seem 
to have a broader antigenic composition than the Type 6 prototype are now 
provisionally grouped as Type 6’. 

(4) Coxsackie virus identification. This is attempted both by neutralization 
in tissue culture and by inoculation of infant mice. For the tissue-culture 
neutralization test, the plaque technique in stoppered bottles is recommended, 
since it eliminates the need for the humidified incubator and CO, -air mixture. 
In this system monkey-kidney cells remain viable for over 12 days, and thus 
plaques of certain Coxsackie viruses that have a delayed cytopathogenicity 
can be produced. In this system, neutralization is measured by inoculating 
one set of bottles with a virus-antiserum mixture and another set with virus 
alone. The presence or absence of neutralization is then determined by com- 
paring the number of plaques produced in the two sets of bottles. A plaque 
reduction of 80 per cent or more is adequate for virus identification. 

In our laboratory, this procedure has been found to give more sensitive and 
reliable results than the tube neutralization method.?? Particularly with 
Group B strains, a fraction of virus particles seem to resist neutralization—a 
fraction even larger than that found by Dulbecco, Vogt, and Strickland 
for poliovirus. Thus, 100 TCDso of virus, measured in tube cultures by 
the conventional cytopathic end point, may not always be completely 
neutralized even with an excess of serum. In this way a number of Coxsackie 
viruses and certain ECHO strains have escaped typing by the tube neutral- 
ization method, but have been readily identified by the plaque-reduction 
test. As shown in TABLE 4, the effect of the antiserum is readily demon- 
strable, for virus particles that escape neutralization make up less than 10 per 
cent of the active virus present in the challenge dose. 

In the routine typing test, 0.5 ml. of a dilution of the unknown virus con- 


TABLE 4 
CoxsACKIE B2 NEUTRALIZATION TESTS 


By plaque method} By CPE method in tubest 
Virus dose* | Serum dilution ae 
Found ad 
(Day 9) eee of poof ae Day 7 Day 9 | Day 11 
3.5 65 65 0 2/3 SHA) 3/3 
2.5 Confluent 650 0 3/3 3/3 ae 
Bed 1:10 0 650 100 0/3 0/3 0/3 
Zee 1:100 17 650 97 0/3 1/3 3/3 
Zao 1:1000 _ 23 650 96 2/3 3/3 3/3 


* Negative log of harvest of tissue-culture fluid. 
{ Number of plaques. 


Number of tube cultures showing cytopathic changes divided by number of tube cultures inoculated. 
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taining 40 to 100 plaque-forming units in 0.2 ml. is mixed with 0.5 ml. of type- 
specific Coxsackie antiserum; the dilution of antiserum is that which has been 
previously found to cause a plaque reduction of 80 per cent or greater when 
tested against 40 to 100 plaque-forming units of its homologous virus. The 
mixture is incubated at 37° C. for 1 hour, and then 0.4 ml. is inoculated into 
each of 2 bottles. For controls, the same amount of virus, but without anti- 
serum, is also inoculated into a separate set of bottles. A plaque reduction of 
80 per cent or greater in the virus-serum bottles is adequate for positive identi- 
fication. For practical purposes, the virus is first tested against a pool of 
Coxsackie antisera containing antibodies against the 5 Group B types plus 
A9, and it is not tested against the separate types unless it has been neutralized 
by the pool. 

To exclude the possibility that an untypable virus represents either a here- 
tofore unknown Coxsackie type, a Coxsackie type not previously known to 
grow in tissue culture, or a mixture of a Coxsackie virus with a virus of another 
group, the viruses not neutralized by the preceding methods are inoculated 
into at least 2 litters of infant mice, preferably less than 24 hours old. The 
mice are observed daily for 2 weeks, and those developing paralysis or ataxia, 
or dying after the second day following inoculation, are harvested for histolog- 
ical examination and for further passage of the agent in infant mice. The 
test for mouse susceptibility is complicated by the finding that, in one instance, 
11 tissue-culture passages were necessary before the pathogenicity of the strain 
for mice could be detected.” Before classifying viruses not identified by the 
above procedure as new ECHO viruses, however, further steps must be taken, 
as follows: 

(5) Adenovirus identification. These viruses are not usually considered as 
enteric viruses, but they may be swallowed and afterward found in the stools 
in detectable amounts. Since all members of the group give cross reactions in 
the complement-fixation test with sera from an infected human, this reaction 
is the simplest to use as a basis for classification of these viruses. The viruses 
to be tested are grown in cultures of HeLa or similar cell lines such as Hep2 
and are used as antigens in the complement-fixation test against known positive 
human sera. If the test is negative, the virus may be excluded from this group. 
If positive, the test must be repeated, and must show a rise in titer between 
known acute- and convalescent-phase sera.” Further identification by sero- 
type is then done in a tube neutralization test with immune sera prepared in 
laboratory animals for each of the adenovirus types. 

(6) Identification of other viruses. Measles, mumps, varicella, and herpes 
simplex produce easily distinguishable cytopathic changes in tissue cultures 
that allow for the differentiation of these agents from enteric viruses. Herpes 
also may be excluded by a negative result after intracerebral inoculation of 
infant mice. Strains of the influenza group belonging to both Type A and 
Type B manifest cytopathic changes in monkey kidney indistinguishable from 
those caused by many enteric viruses. In this case, the culture fluid shows 
hemagglutinating activity, and the cytopathic effect may be neutralized by 


specific influenza antisera. 
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Distribution of Enteric Virus Types Isolated from Normal 
Children and Hospitalized Patients 


The methods described above have resulted in the identification of the ma- 
jority of enteric viruses, since the poliomyelitis, Coxsackie, and typable ECHO 
viruses have constituted the large bulk of this group. 

In TABLE 5 are listed the isolation results of two studies, one on normal chil- 
dren and the other on hospitalized patients with paralytic poliomyelitis or with 
aseptic meningitis. These early results seem to indicate that certain virus 
types are associated with normal children, and others with sick individuals. 
Polioviruses were found in the normal persons and in the hospitalized patients; 
these were the only viruses recovered from patients with unquestionable paraly- 
sis, but were also found in an appreciable number of those with the aseptic 
meningitis syndrome. 

ECHO virus Types 1, 12, 13, and 10 were not encountered in either group. 
ECHO Types 7 and 8 were isolated 21 times from the normal group, but only 
once from a patient with aseptic meningitis. IEQCHO Types 2, 3, 4, 5, 9, and 14 
were found in both groups; no significant differences between the small num- 
bers were observed. In contrast to these results, ECHO virus Type 6 was 


TABLE 5 
ENTERIC VIRUSES ISOLATED IN THE COURSE OF 2 STUDIES 


Number from hospitalized 


Virus Number from normal children* patientst 


Echo 1 0 0 
2 0 2 

3 Zz 5 

4 2 3 

5 2 2 

6 1 26 

7 9 1 

8 12 0 

a 1 1 

0 0 

11 2 0 

12 0 0 

13 0 0 

14 0 5 
Untypable 24 4 
Coxsackie A9 14 4 
Bl 4 1 

B2 3 7 

B3 1 Z 

B4 5 9 

B5 5 0 

Not typed 15 7 
Poliovirus 1 26 197 
2 6 5 

3 20 14 


* From studies in Charleston, W. Va., and Phoenix, Ariz., from 1951 to 1953.2 
t These viruses were isolated in 1954 and 1955 from’ atients in the New England iovi 

. . . . a ea. 
obtained from patients with paralysis and f rom those with aseptic meningitis. Patients ae NT haber Core 
sackie viruses were characterized by the aseptic meningitis syndrome.?0 
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encountered only once in the normal group but was found 26 times in patients 
with aseptic meningitis; it seems to be among the etiological agents responsible 
for this clinical syndrome. A number of ECHO viruses still remain outside 
the 14 established types, indicating that other antigenic varieties remain to be 
classified. 

The Coxsackie viruses were found in both the normal and hospitalized groups. 
Not only were the Group B types associated with aseptic meningitis patients, 
B2 being isolated from the spinal fluid in one instance, but this was also true 
for Type A9 in 4 cases. 

Two Type A9 cases are worthy of comment, in that the virus was isolated 
from the cerebrospinal fluid2® Coxsackie A9 antibodies were absent in the 
acute-phase sera of the patients, but they appeared in the convalescent speci- 
mens. Both patients were free of detectable neutralizing or CF antibodies to 
any of the three polio types in both the acute- and convalescent-phase sera. 

It is obvious from the results that much remains to be done. In addition to 
28 orphan viruses that lie outside the 14 known ECHO types, we have on hand 
a number of Coxsackie viruses, all isolated in monkey-kidney cells, and all 
yielding culture fluids pathogenic for infant mice. The new Coxsackie strains 
seem unrelated to those heretofore isolated most frequently in tissue culture 
(A9 and the 5 members of Group B). 


Demonstration of Human Infectivity of New Antigenic Types 
by Serological Methods 


Since viruses may arise from uninoculated cultures of monkey-kidney tissue 
or, conceivably, from human or animal sera used to nourish cell lines carried 
in series, an investigator reporting the isolation of a new virus of humans is 
derelict if he does not attempt to demonstrate that the new agent can produce 
human infection. This demonstration is readily done by serological means. 
Whenever possible, neutralization tests should be performed with matched 


sera from the person donating the virus in an attempt to demonstrate an anti- 


body rise or at least the presence of antibodies. If no such sera are available, 
human y-globulin prepared from pooled human plasma is used. Care must 
be exercised to ensure that the y-globulin in the highest concentrations used 
does not by itself, or because of preservatives added by the commercial pro- 
ducer, cause cellular degeneration in the cultures, or that the preservatives 
themselves do not inhibit the virus.” 

If neutralization is not accomplished by these methods, reisolation of the 
virus should be attempted from the original source material. Although this 
procedure does not exclude the possibility of contamination of the specimen 
from extrahuman sources, it at least guards against the possibility that the 
virus has been indigenous to the tissue culture used in the first isolation. 


Mixtures of Viruses Within a Single Specimen 


Double infections of patients have been recorded in the past. This is hardly 
surprising when we consider that we know of more than 40 viruses that have 
been recovered from human stools. ‘These include the enteric viruses that are 
recovered with greatest frequency from the lower alimentary tract: the 3 polio- 
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TABLE 6 
SmruLTANEOUS ANTIBODY PRODUCTION IN PATIENTS* 


Coxsackie ered Poliovirus antibody 


Day of disease Type Al Typel 


Patient A 3t 50 20 
32 300 ae 

Patient B 4t 30 
a 23 230 270 


* Both poliovirus Type 1 and Coxsackie Al were isolated from each patient, from fecal specimens collected 
in the acute phase of illness. 
+ First day in hospital. 


viruses, the 24 Coxsackie viruses, and the 14 ECHO viruses. They also include 
other viruses that are found more commonly in the throat, but that may be 
swallowed and then excreted in the stools: adenoviruses and herpes viruses 
and, perhaps, others. When we consider that any combination of these 40 
or 50 viruses may appear together, we appreciate the potential magnitude of 
the problem of mixed infections. As we can judge from the low antibody levels 
already present on the day of admission and from their subsequent rise during 
the course of the disease, some of the double infections that have been observed 
arose in the community before the patient was brought to the hospital. 

In the examples shown in TABLE 6, it can be seen that, in patients from whom 
both a Type 1 poliovirus and a Type Al Coxsackie virus were isolated, both 
antibodies rose together during the course of illness and convalescence.”® 

We know of cases in which only one agent has been isolated, but in which 
antibodies not only against the isolated virus but also against another virus 
appeared during the course of the illness. Therefore it is generally agreed 
that the isolation of a Coxsackie virus alone and a corresponding rise in anti- 
body in a paralytic patient are not sufficient evidence to incriminate the iso- 
lated Coxsackie virus as the etiological agent of the paralytic disease. Here 
the isolated Coxsackie virus may be a fellow traveler of the true etiological 
agent—in this case a poliovirus that the laboratory failed to isolate. In similar 
fashion, the isolation of poliovirus and corresponding rises in antibody in pa- 
tients with diseases unlike those commonly produced by poliovirus may be 
examples of cases in which the poliovirus is the fellow traveler of another agent 
that has not been sought. The finding of polioviruses in the intestinal tract 
of normal, healthy young children in the summer and fall seasons is becoming 
commonplace." 5: #4, 7-89 Superinfection by another virus of a child already 
carrying poliovirus may produce a disease entirely unrelated to the poliovirus 
being shed. We are acquainted with cases of aseptic meningitis in which West 
Nile virus was isolated from the blood and in which antibodies rose against 
both West Nile and mumps virus,*! or in which an ECHO virus was isolated 
and antibodies developed against the ECHO virus and also against the virus 
of lymphocytic choriomeningitis.** In such cases we are faced with the ques- 
tion of which virus produced the disease. Was the disease pattern an expres- 


sion of the infection produced by both agents? The answers to such questions 
are not easily found. 
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A combination of two viruses, both belonging to previously known types of 
the same genus or family, can be detected by finding that pooled antisera for 
the group yield neutralization, but that no separate member of the pool is capa- 
ble of neutralizing the isolate. The types in the mixture may then be detected 
by using the virus isolate as a complement-fixing (CF) antigen against each 
of the components in the pool or by carrying out neutralization tests with 
various mixtures of antisera present in the pool.” 

Special problems are faced when the isolate contains 2 viruses, 1 belonging 
to a known type and 1 to a previously unknown type. In this instance the 
~ known virus in the isolate is filtered out of the mixture by passage through its 
antiserum. An antiserum must then be prepared against the newly discovered 
member of the mixture. A mixture of the 2 antisera should then neutralize 
the agents present in the original isolate.* 

Mixed poliovirus infections, that is, either 2 types of poliovirus or a polio- 

virus and another enteric virus, may be unraveled, as mentioned earlier, by 
the CF test. Such a mixture is not neutralized by specific polio antisera. 
_ However, the tissue-culture fluid used as CF antigen will react with a specific 
- polio antiserum, thus identifying this component in the mixture. 

Two recent findings mentioned earlier in this paper are being explored to 
determine their value in the problem of mixed infections. The first refers to 
the use of cultures of kidney cells obtained from different monkey species as 

- differential media.!° Thus, the cells of the African monkeys Erythrocebus patas 
and Cercopithecus nictitans buttikotert were found to support the growth of polio- 
viruses, but not that of a number of ECHO viruses. The use of African mon- 
keys may have an added advantage for many studies in that Rustigian’s foamy 
virus, a commonly occurring latent virus of rhesus and cynomolgus monkeys, 
has not been found in the African monkeys examined in our laboratory. 

The second observation that is proving of value in differentiating virus groups 
is that enteric viruses often have a distinctive plaque morphology (FIGURE 1). 

= To test the feasibility of making differentiations on this basis, G. D. Hsiung 

and M. Benyesh, in our laboratory, have carried on experiments with artificial 
mixtures of polio, ECHO, and Coxsackie viruses. The mixtures have been 
plated, plaque morphology has been used to classify the virus, and then the 
virus in the colony so classified has been identified by neutralization with spe- 
cific antiserum. The results of one of their series is shown in TaBLE 7. In all, 
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TABLE 7 


DIFFERENTIATION OF POLIOVIRUS AND ECHO Virus BY PLAquE MorPHOLocy 
AND SEROLOGICAL DIAGNOSIS 


1 No. plaques No. plaques No. mixed 
Zz : ; No. plaques identified identified infections, 
: Virus identified by plaque morphology identified by antigenically | antigenically ECHO 1 and 
morphology as ECHO 1 as Polio 1 Polio 1. 
ECHO 1 (Farouk)........-.--++: 47 43 3 1 
= Polio 1 (Mahoney) ...------+++-> 37 0 d q 
Uncertain morphology....------- 10 1 
GMotal era ctu pues aes ie june» 94 44 49 1 
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94 plaques were studied; of these, 47 could be identified by the irregular out- 
lines as ECHO Type 1, while 37 could be determined by the regular circular 
outlines to be polio Type 1. The characteristics of 10 plaques were not suffi- 
ciently clear for diagnosis, and are listed as “uncertain.” Of the 47 plaques 
identified as ECHO-induced, 43 were confirmed serologically. Of the 37 
plaques identified as being poliovirus-induced, all were confirmed. Thus, of 
the 94 plaques studied, only 3 were misdiagnosed, and 10 were of uncertain 
etiology. Of the 84 plaques on which diagnoses were made, 80 were correctly 
diagnosed. Only one plaque yielded a mixed viral population. This method 
is now being coupled with that of cultivating viruses on cells of differing suscep- 
tibilities, and we have high hopes for obtaining rapid answers when classifying 
new virus isolates by use of the combined procedures. 

The recovery of viruses from uninoculated tissue cultures has been considered 
by other contributors to this monograph. One source of confusion is encoun- 
tered in the growth of the inoculated virus in a tissue culture harboring a latent 
virus of its own, as illustrated in FIGURES 2, 3, and 4, taken by my colleague, 
Magdalena Reissig, and described below: 

At times, multinucleated giant cells containing intranuclear inclusion bodies 


_ Ficure 2. Cells from a monolay 
inoculation with poliovirus. 

marked P point to the eosin 
of polio degeneration. N = nucleolus. 


er culture of monkey-kidney epithelium 5 hours after 

The nuclei of the 2 cells at left center are distorted. The arrows 

ophilic intranuclear inclusions characteristic of the early stages 
Zenker fixation, hematoxylin and eosin. 
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_ FIGURE 3. Uninoculated monolayer culture of monkey-kidney epithelium that shows 
giant-cell formation and large intranuclear inclusions (I) typical of measles infection. NV = 
nucleolus. Zenker fixation, hematoxylin and eosin. 


_ may be found in uninoculated monkey-kidney cultures, and the evidence is 
strong that this occurs in cultures from monkeys harboring measles virus.” 
_ A portion of a cell from such a culture is shown in FIGURE 3. The characteristic 
intranuclear inclusions of poliovirus, described elsewhere,*® allow one to detect 
a poliovirus-infected cell within a few hours after infection has been initiated 
(fIGuRES 2 and 4). ~ 
When poliovirus is added to a culture that spontaneously exhibits giant-cell 
formation, the poliovirus grows readily and produces its own intranuclear- 
inclusion bodies even in nuclei already containing measleslike inclusions. ‘This 
phenomenon is evident in FIGURE 4. A laboratory isolating viruses from the 
field can hardly be expected to use as elegant a morphological approach as that 
illustrated. ‘The experience is cited here only because it is such a striking ex- 
ample of the manner in which a virus harvest may contain, not only the progeny 
of the inoculated virus, but also the progeny of the virus latent in the culture. 


Classification of Viruses Possessing Common Group Antigens 


Common CF antigens in certain virus groups such as psittacosis and influ- 
enza are well known, and I have already commented on the value of this reac- 


tion for rapidly identifying strains of the adenovirus group. 
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Ficure 4, Culture similar to that shown in FicuRE 3 20 hours after inoculation with 
poliovirus. The same nucleus may contain the small inclusion bodies characteristic of polio- 
virus degeneration (P) together with the larger and lighter inclusions (J) found in the uninocu- 
lated giant-cell cultures. NM = nucleolus. Zenker fixation, hematoxylin and eosin. 


Common CF antigens have been described also for at least 2 groups of the 
enteric viruses—the Coxsackie and the poliovirus groups. As shown in FIGURE 
5, human infection with a single virus type often produces high titers of hetero- 
typic CF antibodies, together with the homotypic antibodies.** *7:°8 In nor- 
mal monkeys, CF antibodies may occur in the absence of neutralizing anti- 
bodies.!® I suspect that the sera of these animals have not been subjected to 
a neutralization test with the virus to which they might have been exposed, 
perhaps because it has not been discovered as yet. It is only because of the 
group CF response within the Coxsackie group that we are able to hypothecate 
this prior experience with another member of the group. The host species plays 
an important role, for in mice no evidence of group CF response could be ob- 
tained, the response in this species being as specific as for neutralizing anti- 
bodies.*® 

The broad CF response following infection with a Coxsackie virus has been 
confined to the group. Thus, as shown in FIGURE 6, when chimpanzees were 
infected with other agents (poliovirus Types 1, 2, and 3, and West Nile virus), 
and produced antibody responses marked and specific for these agents, there 
was no booster effect on the Coxsackie CF antibodies.%* Similarly, patients 
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ONSET, A4 
INFECTION 


TITER OF CF ANTIBODIES 


1 t ' ' ' ' ! 1 ' ' 1 
DATE 6/15 7/5 25 8/II 8/31 9/20 10/10 10/30 HIZI9 12/9 12/29 1/18 
1949 1950 


FicurE 5. Heterotypic complement-fixing antibody responses in a patient accidentally 
infected in the laboratory with Coxsackie Type A4, Texas-1 strain. CF antibodies appeared 
not only to the infecting type, but also to at least 3 other Group A strains and 1 Group B 
strain. CF antibodies failed to appear to 2 other Group A strains and 2 other Group B strains. 
Tn contrast to the above, the neutralizing antibody response in this patient was specific for the 
nfecting type. 


1024 POLIOVIRUS POLIOVIRUS WEST NILE C VIRUS, POLIO- C VIRUSES: 
Tt Ee TYPE | EGYPT 101 A4 VIRUS BI,B2,B3 
TEXAS-| TYPES A2,A3,A8,AI0 
512 
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TITER OF COXSACKIE TYPE A4 CF ANTIBODIES 


AUG. SEPT. OcT. NOV. DEC. JAN. FEB. MAR. APR. 


1950 1951 ¥ ¢ ‘ 

FicurE 6. Complement-fixing antibody to Coxsackie A4 following experiences with dif- 
ferent viruses. Coxsackie A4 (Texas-1) antibody titers of chimpanzees 21 and 22 did not 
fluctuate markedly during a course of infections with the viruses indicated until February 
5. 1951, when these animals were fed the Texas-1 strain in the amounts of 10~%° and 10° *-° 
concentration, respectively, of infected murine tissue. Only chimpanzee 22 responded with a 
rise in homologous antibodies. Chimpanzee 21 failed to respond because of the low dose of 
virus (less than 1 mouse-infectious dose). This animal was capable of showing a rise in 
Texas-1 antibodies, as witness the marked reappearance of the latter following the inoculation 


of 7 heterotypic Coxsackie viruses in April of that year. 
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with diseases other than Coxsackie infection do not produce Coxsackie-group 
antibodies.*” é As 

In addition, group CF responses in poliomyelitis are common, particularly 
if inactivated virus preparations are used as antigens.“ In co-operation with 


the General Electric Research Laboratory, Schenectady, N. Y., we have con- — 


ducted some experiments using high-velocity electrons to inactivate poliovirus.“ 
The data have been used to calculate target volumes, and the results suggest 
that the CF antigen of poliovirus has a diameter of about 12 my and that it 
thus occupies only a part of the entire virus particle, which has a diameter of 
30 mp. Small CF antigens that are not sedimented in the ultracentrifuge at 
forces of about 100,000 g for 2 hours may be released from the virus particle by 
a variety of protein-denaturing agents,**: *° and this released antigen has been 
shown to be group-reactive.*® 

From the recent work on the CF reaction in poliomyelitis—chiefly from the 
work of Svedmyr, Enders, and Holloway;*® Melnick, McCarroll, and Horst- 
mann; Black and Melnick;** LeBouvier;” and Lennette and Schmidt*—the 
following concept has emerged: 

There appear to be 2 kinds of complement-fixing antibodies formed after 
infection with poliovirus, particularly in older children and in adults, who pre- 
sumably have had earlier experience with one or more types of poliovirus: 

(1) Antibodies against the group antigen are formed rapidly, and they 

generally have reached their highest titer by the onset of illness although, in 
some patients, they may make their appearance after onset and increase in titer 
over the next few weeks. Inactivation of Type 1, 2, or 3 poliovirus by heat, 
ultraviolet irradiation, or formaldehyde solution (Formalin) uncovers a pre- 
viously masked group-reactive antigen common to the 3 virus types that is 
suitable for detecting this group antibody. With the use of heated antigens, 
heterotypic fixation against poliovirus types different from that isolated from 
the patient may occur in the absence of corresponding heterotypic neutralizing 
antibodies. 

(2) Antibodies against the type-specific antigen associated with the live virus 
are usually absent in the acute-phase serum, and they usually appear only after 
the third week of the disease. Complement-fixing antibody against the type- 
specific live antigen is generally not demonstrable in the absence of neutralizing 
antibody against the same virus type. 


Group Antigens of the Hemagglutinating Type 


The meticulous work of Casals and his co-workers at the Rockefeller Founda- 
tion Virus Laboratories, New York, N. Y., has shown that a number of arthro- 
pod-borne (arbor) viruses may be classified into 2 different groups on the basis 
of the behavior of their agglutinins, as well as on the results of the hemaggluti- 
nation-inhibition tests.” The viruses composing each group are listed below: 

Group A. Western equine encephalitis, Eastern equine encephalitis, Venezu- 
elan equine encephalitis, Semliki Forest (Africa), Sindbis (Africa and India), 
and Mayaro (Trinidad, Brazil, and Bolivia) viruses. 


Group B. Japanese, St. Louis, Murray Valley encephalitis, West Nile, 


So 


a 
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Dengue Types 1 and 2, Ilheus, louping ill, Ntaya, Russian spring-summer, 
Uganda S, and yellow fever viruses. 

Within each group there exist further crossings that can be detected by CF 
tests. With certain members of Group B, particularly the Japanese encepha- 
litis, the St. Louis encephalitis, the Murray Valley encephalitis, and the West 
Nile fever viruses, the crossing extends even to the neutralization test. These 
viruses may well be regarded as 4 strains of a single virus. 

A virus isolated in the field from an area in which the arbor viruses occur 
is classified by preparing a hemagglutinating antigen and testing it against a 
few representative sera of each group. A positive reaction establishes the 
group into which it falls. The classification is carried further by CF tests 
with other members of its group, and it is finally identified by the most specific 
of the reactions, the neutralization test. 


Classification of Viruses Possessing Antigenically Distinct M oieties, 
but Having Other Biological Properties in Common 


The final section of this paper does not rest on as firm ground as do the earlier 
sections. However, it is my intention to point out that the comparison of 
properties other than antigenicity shared in common by certain viruses may 
furnish leads for future investigation. A single example should suffice. Our 
experience indicates that ECHO virus Types 7 and 8 stand out from the others 
in a number of ways and are distinguished by the round plaques that they 
produce on cells under agar, and by the readiness with which they multiply 
in red grass monkeys.!° Recently my colleague, Matilda Benyesh, collaborat- 
ing with Ernest Pollard of the Department of Biophysics, Yale University, 
New Haven, Conn., has measured another property of ECHO virus Type 7, 
namely, its size, by determining its loss of infectivity after bombardment in 
the cyclotron. ECHO Type 7 has a diameter of 30 my. Another ECHO virus, 
Type 1, was found to have a diameter of 43 mu. The properties of ECHO 
Type 7 (as well as 8) are strikingly similar to those of another enteric virus, 
that of poliomyelitis, as shown in TABLE 8. 


TABLE 8 
CoMPARISON OF SOME BIOLOGICAL PROPERTIES OF POLIOVIRUS AND CERTAIN ECHO Viruses 
SS OOOO 


Other ECHO viruses 


Paes ECHO Type 7 
P Poliovirus 
roperty (and 8) Tevet OL 
Size 30 my 30 my 43 mp pee aaa 
eg ircul ith | Circular, with | Irregular, often | Irregular, often 
ee a Pen cca less sharp with diffuse with diffuse 
“a daries boundaries boundaries boundaries 
Erythrocebus _ patas e 
cell susceptibility + + = 
Tsolations: 
healthy children ‘52. 21 eles 
patients 216 1 26 
Summer-fall seasona 
“distribution + + ae 


SE eee ee 
* See FIGURE 1. 
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The question to be raised here is whether such comparisons of viruses based 
on their biological properties is of any value. Of the 22 strains belonging to 
ECHO Types 7 and 8 that we have encountered, only 1 was obtained from our 
study of hospitalized patients, and this came from a patient with aseptic menin- 
gitis. The other 21 strains were taken from healthy children in normal house- 
holds. In these same populations, polioviruses were isolated 52 times from the 
normal, healthy group and 216 times from the hospitalized group, the members 
of which were hospitalized in the summer or fall because poliomyelitis was sus- 

ected. 
If ECHO viruses 7 and 8 remain unassociated or only slightly associated 
with disease in future studies, then, to judge from the similarities in the prop- 
erties of these agents to those of the polioviruses, have we encountered the 
agents from which pathogenic polioviruses evolved? If this be so, then Types 
7 and 8 would remain as orphans, but their descendants would have become 
well known to us. 
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BIOLOGICAL AND PHYSICAL PROPERTIES OF 
THE ADENOVIRUSES* 


By Harold S. Ginsberg 


Departments of Preventive Medicine and Medicine, Western Reserve University, Cleveland, Ohio 


Introduction 


The isolation of new viruses not only initiates a ‘‘search for diseases” with 
which the recently recognized agents may be identified, but also stimulates 
the quest for answers to other important and formidable questions. These 
queries are related to the classification of the viruses, their epidemiological be- 
havior, and the types of host-parasite relationships that these agents may 
establish. Information concerning the characteristics of the viruses may per- 
mit-the development of hypotheses pertinent to the questions posed. This 
paper will surnmarize the results of investigations into properties that may 


bear upon the classification and the epidemiological and biological behavior of 
the new respiratory viruses,’ in this report termed adenoviruses (previously 


~ called APC or RI viruses). 


Materials aud Methods 
Viruses. Virus Types 1 through 4 were employed. Robert J. Huebner of 


the National Institute of Allergy and Infectious Diseases, Bethesda, Md., 


kindly supplied the prototype agents for Types 1-3,! and Maurice R. Hilleman 


: of the Walter Reed Army Medical Center, Washington, D. C., generously 
- provided the Type 4 (RI-67)? agent. Methods employed for the propagation, 


measurement, and storage of these viruses have been presented elsewhere.°: ® 
Tissue culture. Tela cells (Gey)? were cultured in a medium composed of 


40 per cent pooled human serum and 60 per cent Hanks’ balanced salt solu- 


tion.®»® For viral infection, a maintenance mixture that contained 67.5 per 
cent Scherer’s maintenance solution (MS), 25 per cent tryptose phosphate 
broth, and 7.5 per cent chicken serum was employed.® In the earlier experi- 
ments the maintenance mixture used consisted of 90 per cent MS and 10 per 
cent chicken serum.’ Details of the tissue methods utilized have been de- 
scribed elsewhere.°*: ° 

Neutralization titrations. Preparation of type-specific immune animal sera 
and methods for measurement of neutralizing antibodies have been described 


~ elsewhere.® 


« SNS RES Tigh 


Characteristics that Bear upon Classification 


- Neutralization reaction. To be considered a member of the adenovirus group, 
an agent must possess a soluble complement-fixing antigen common to all vi- 
ruses in that group.’ In addition, each virus within the group has a type- 
specific antigen, as well.*: "° A large number of viruses recently isolated have 
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Cleveland, Ohio, the Robert Hamilton Bishop, Jr. Endowment Fund, Western Reserve University, Cleveland, 
Ohio, Philip R. Mather, Boston, Mass., and the Republic Steel Corporation, Cleveland, Ohio. 
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been shown to belong to the adenovirus group and from these, to date, 14 dis- 
tinct immunological types of adenoviruses have been identified by neutraliza- 
tion titrations in tissue culture."! Investigation of the neutralization reaction 
occurring between each type of virus and its homologous type-specific antibody 


has revealed distinct differences in the quantitative aspects of this reaction. ~ 


The data illustrating these differences are summarized in FIGURE 1. The rela- 
tionship between the concentrations of type-specific serum required to neu- 
tralize varying quantities of its homologous virus was found to be linear. 
For virus Types 1 and 2 the slope of each neutralization line was 2, whereas 
the regression line for Types 3 and 4 was distinctly different, and had a slope of 
1. These results represent experiments in which type-specific immune rabbit 
sera were employed. Identical results were obtained in studies in which type- 
specific immune hamster and human convalescent sera were used. These data 
suggest fundamental differences between the reactions of virus Types 1 and 2 
on the one hand and Types 3 and 4 on the other with their respective type- 
specific homologous antibodies. The reason for these differences is not clear, 
but the evidence does imply that these variations are imposed by the charac- 
teristics of the viral particles rather than by the antibodies directed against 
them. The results of these studies suggest that these agents, although closely 
related and belonging to the same family, have characteristics that may make 
subdivision of the group desirable. 

Characteristics of viral multiplication. Investigation of the characteristics of 
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the multiplication of the adenoviruses has yielded further evidence to support 
the postulate that virus Types 1 and 2 are similar to each other, but differ sig- 
nificantly from Types 3 and 4. Examination of the initial cycle of multiplica- 
tion of these agents makes this variation obvious. Data for virus Types 2 and 
4 are presented graphically in FiGURE 2. HeLa cell cultures were infected 
with 104-75 tissue-culture doses (TCDs) = the amount of virus producing cyto- 
pathic changes in 50 per cent of the inoculated cultures) of Type 2 virus or 
— 104-25 TCDso of the Type 4 agent. For Type 2 virus, a period of 21 hours was 
required before the appearance of new infectious viral particles could be de- 
tected, whereas the latent or eclipse period for the Type 4 agent was only 19 
hours. Virus Type 1 had a latent period the same as Type 2 (21 hours), and 
the latent period for virus Type 3 was identical to that of Type 4 (19 hours). 
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2. Initial multiplication cycle of Types 2 and 4 adenoviruses in HeLa cell cultures. 
Bence eke infected ie 10475 TCDs0 of Type 2 virus and 104° TCDso of Type 4 virus. 
For each time interval, cells and fluids from 4 cultures were pooled, and the cells were dis- 
rupted by freezing and thawing 6 times. Infectivity titer of each pool was done in HeLa cell 


cultures. 
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During the incremental phase of the multiplication cycle the rate of viral 
propagation was similar for all 4 agents. The same differences in the initial 
period of the multiplication cycle, as demonstrated by these data, were also 
manifest when smaller quantities of virus were employed as the infecting inocu- 


lum. These results support the interpretation that these differences are real ~ 


and significant. 

Cytological alterations. The pathological changes induced in the nuclei of 
infected HeLa cells adduce additional evidence to the effect that virus Types 
1 and 2 have fundamental characteristics different from those of virus Types 
3 and 4. Reports by several groups of workers that describe the electron- 
microscopic examination of thin sections of HeLa cells infected with adeno- 
viruses indicate clearly that these agents propagate within the nuclei.’ ™ 
Sequential studies of fixed and stained preparations of infected cells carried out 
in our laboratory in collaboration with Georgianna Boyer have demonstrated 
the development of striking pathological alterations of the nuclei of infected 
HeLa cells. With Types 1 and 2 viruses, the early nuclear changes, first de- 
tected 14 hours after infection, showed well-defined intranuclear eosinophilic 
masses and rearrangement of chromatin. Somewhat later, small clusters of 
basophilic granular material developed in swollen nuclei. The later stages of 
cellular alteration revealed large nuclei with wrinkled membranes that may have 
some very small disruptions, but usually appear intact. There was marked 
merging of basophilic staining material in the central portion of the nuclei, and 
the nucleoplasm contained a hyalinlike substance that stained Feulgen-posi- 
tive. No characteristic cytoplasmic alterations were detectable. 

When HeLa cells were infected with virus Types 3 or 4, the earliest distin- 
guishable changes, first noted 14 to 16 hours after infection, were wrinkling of 
the nuclear membrane, rearrangement of the chromatin to form a fine reticu- 
lated network, and the formation of a clear zone adjacent to the nuclear mem- 
brane. Eosinophilic masses and packets of basophilic material, such as were 
observed in infections with virus Types 1 and 2, did not develop. In later 
stages, 30 or more hours after infection, a dense basophilic stained mass formed 
in the central portion of the nucleus and crystal-like structures that varied in 
staining characteristics from light pink to dark purple appeared in the vacuo- 
lated areas. Some of the crystal-like structures were Feulgen-positive; it is 
thought that they correspond to the “crystals” described by previous workers 
in electron micrographs of HeLa cells infected with virus Type 4.124 The elec- 
tron micrographs indicate that the “crystals” are composed of regularly ar- 
ranged spherical viral particles.!2-44 

The striking differences between nuclear alterations induced by infection 
with virus Type 1 or 2 and those induced by infection with Type 3 or 4 lend 
further support to the concept that each pair of viruses (Types 1 and 2 in con- 
trast to Types 3 and 4) comprise a subgroup within the family of adenoviruses. 


Characteristics that Influence the Biological 
Behavior of Adenoviruses 


Let us now turn to properties of the adenoviruses that may dictate the bio- 
logical behavior of these agents in man, their natural host. 
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Stability. ‘The adenoviruses are remarkably resistant to inactivation as com- 
pared to other viruses that infect the respiratory tract of man or animals, such 
as the viruses of influenza,’ !®° mumps,!”: 18 Newcastle disease,!® and pneu- 
monia of mice (PVM).!® Indeed, the stability of the adenoviruses is com- 
parable to that of poliomyelitis virus in its resistance to inactivation.?” 7! 
The 4 types studied had no significant inactivation of infectivity when stored 
at 4°C. for longer than 2 months, when held at room temperature for 2 weeks, 
or even when kept at 36°C. for 7 days. If, during this period, the pH of the 
virus Type 4 suspension was permitted to rise to 7.8 to 8.0, it proved to be less 
stable than the other viruses. At a pH of 7.4 to 7.6 it was as stable at 22° to 
36°C. as were Types 1 through 3. Moreover, there was no decrease of infec- 
tivity titer when the pH of the viral suspensions was reduced to 6.5 (the lowest 
pH attained in infected HeLa cultures), and when these preparations were 
incubated at 36°C. for 24 hours. For periods of 30 minutes at room tempera- 
ture, the viruses were also relatively stable to more marked alterations of pH 


- from the usual physiological ranges, and they showed no inactivation between 


a pH of 6.0 and 9.0. These properties suggest that the viruses under study 
should have the capacity to persist in nature under conditions that might be 
considered relatively unfavorable and thus infect susceptible hosts under ad- 
verse circumstances. 

Adsorption of virus to HeLa cells, The ability of a virus to combine with 
a susceptible host cell predicts, in part, the capacity of the agent to infect an 
animal. Adsorption of the adenoviruses to HeLa cells was studied under a 
wide variety of conditions in order to obtain quantitative data relative to this 
initial phase of cell infection. The results of an experiment done with virus 
Type 3, summarized in FIGURE 3, indicate that, at 36° C., adsorption was slow 
and did not attain its maximum for approximately 4 hours. In other experi- 
ments, maximum adsorption of virus required as long as 6 hours. Not only 
did the virus combine slowly with host cells, but the number of infectious units 
adsorbed was only about 1 per 100 HeLa cells. The essential data presented 
were not altered significantly when the pH, or the electrolyte content of fluid, 
or the temperature of reaction was varied. Similar results were obtained 
with the 3 other agents studied. 

Dissociation of virus from infected HeLa cells. Not only does the ability of a 


virus to adsorb to susceptible host cells markedly influence the infectivity of a 
virus but the capacity of an agent to dissociate from the cells in which it multi- 


__ plies predicts the role that the virus may play as.an infectious agent. In addi- 


eet 


tion, the adenoviruses that multiply within the cell nucleus and do not lyse in- 
fected cells do not readily find a way of emerging from the cells in which they 
propagate. Data summarized from an experiment in which HeLa cell cultures 
were inoculated with 10‘ infectious doses of Type 4 virus are presented in 
FicuRE 4. Virus was adsorbed to cells at 36°C. for 6 hours, after which the 
excess virus was removed and the cells washed. The release of virus into fresh 


- maintenance fluid, as well as multiplication of virus within the cells, was meas- 


ured. To determine the concentration of intracellular virus, infected cells were 
disrupted by freezing and thawing 6 times. An increase of infectious virus in 
the cells was detectable 22 hours after infection, and there was a progressive 
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Ficure 3. Adsorption of type 3.adenovirus to HeLa cells cultured in a large bottle. 
9 X 10° cells were overlaid with 103-5 TCDso of virus, and the reaction mixture was incubated 


at 36° C. The quantity of virus remaining in the fluid phase was determined by infectivity 
titrations in HeLa cell cultures. 


increase in viral titer for the duration of the experiment. In sharp contrast, 
virus was not detectable in the cell-free fluid phase until 28 hours after infection 
and, even at 48 hours, when complete cytopathic changes of the HeLa cells had 
occurred, only 1 per cent of total measurable virus was present in the fluid. 
These data are applicable to all 4 viruses studied. Indeed, even when infected 
cultures were incubated for as long as 6 days after inoculation, a time at which 
all cells manifested cytopathic changes and many cells had fallen from the glass 
wall of the culture vessel, 6 per cent or less of the total measurable virus was 
detectable in the extracellular phase. The virus that was measured in the fluid 
phase actually may have come from cells that disrupted after falling from the 
glass, rather than being a result of the spontaneous release of virus from in- 
fected cells. 

Effect of virus on HeLa cell metabolism. Since the adenoviruses induce 
marked cytopathogenic changes in host cells, but do not actually cause the 
altered cells to lyse (in any event, not while they are attached to the glass), 
the effects of viral infection upon certain aspects of the host-cell metabolism 
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Ficure 4. Quantity of Type 4 adenovirus in the fluid phase of infected cultures and in 
HeLa cells during the multiplication of the virus. Cultures were inoculated with 104-° TCDs5o 
of virus. After incubation at 36° C. for 6 hours, unadsorbed virus was removed, the cells 
were washed, and fresh maintenance mixture was added. At indicated times, cells and fluid 
from each of 4 tubes were harvested separately and pooled. To measure intracellular virus, 
cells were disrupted by freezing and thawing 6 times. 


have been studied. The fluid of HeLa cell cultures infected with an adenovirus 
becomes more acid than do uninfected culture fluids, as has been noted by most 
investigators working with these agents. Data obtained in collaboration 
with Thelma Fisher (Taste 1) indicate that the lowered pH resulted from 
an accumulation of lactic acid. Not only did lactic acid accumulate, but 


. TABLE 1 
Errect oF ADENOVIRUS INFECTION UPON Metasouism or HELA CELLS 


Lactic acid produced Glucose utilized 
Culture fluid 
pg./ml. pM/ml. pg./ml. pM/ml. 
F igphinfected*2. 00... 05 652 267 2.9 864 4.8 
Type 3 infected*........--- 648 Wed 1618 9.0 


*Incubated at 36° C. for 6 days. 
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more glucose was utilized by cells infected with virus Type 3 than by cells of 
uninfected control cultures. 

These data suggested the hypothesis that adenovirus infection of HeLa cells 
caused marked morphological changes in the cell, but did not lead to cell 


death—at least if one considers death from a metabolic aspect. Additional ~ 


support for this concept was obtained from experiments in which vital stains 
were employed to indicate whether cells that had undergone marked cytopathic 
alterations reacted as uninfected living cells or as dead cells. Studies performed 
with the vital stains methylene blue, Janus green, or neutral red indicated that 
cells infected with an adenovirus reacted with these materials in the same fash- 
ion as normal cells. For example, when 2 to 4 ug. of methylene blue per ml. of 
culture medium was added to cultures of normal HeLa cells or cells infected 
with Type 3 virus, cells that had undergone marked cytopathogenic changes still 
reduced methylene blue to the colorless state, as did uninfected cells. Both 
uninfected and infected cultures contained a comparable number of cells that 
could not reduce methylene blue, and therefore stained blue; these stained cells 
were considered to be dead. 


Discussion 


In summarizing the experimental evidence presented, it is possible to offer 
certain conclusions and hypotheses. The postulates presented, however, must 
be considered with the understanding that these studies were carried out in a 
purely artificial host, a carcinoma cell (strain HeLa) in tissue culture. If 
further investigations employing a number of other tissues should yield similar 
data, the validity of the hypotheses based upon the biological characteristics 
of the adenovirus Types 1 through 4 studied in HeLa cells would be considerably 
strengthened. 

Although the viruses studied have many characteristics in common by which 
they are classified as a single group or family, other properties indicate that 
they may be distributed into 2 subgroups, the first including Types 1 and 2; 
the other, Types 3 and 4. This is not to imply that Types 3 and 4 are identi- 
cal, for this is not the case, but rather that they have certain fundamental 
characteristics that are similar and that therefore differentiate them from Types 
1 and 2. 

Certain of the viral properties may direct the biological behavior of these 
agents both in regard to their spread from man to man in the population and 
to their reactions with susceptible host cells. It would appear possible that 
agents that dissociate from cells poorly and adsorb to susceptible cells ineffi- 
ciently might require considerable close contact with a host to establish a suc- 
cessful infection. To offset these handicaps, the adenoviruses studied were 
found to be remarkably stable to the usual conditions that might inactivate 
them in nature. 

A further consideration of their characteristics suggests that these respiratory 
agents should be able to persist for long periods, if not indefinitely, in host tis- 
sues, Since the viruses are relatively stable, multiply within cell nuclei, do not 
completely disrupt the cells in which they multiply, do not dissociate readily 
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from host cells, and do not kill the cells in which they propagate. Thus, 
after primary infection, the adenoviruses could persist as latent agents in man. 
There is considerable evidence to indicate that adenoviruses do, indeed, 


establish latent infections. The original isolation of these agents from the 
tonsils and adenoids of healthy children by Rowe, Huebner, and their co- 


workers! indicated that the viruses reside in man in a latent or masked state; 


‘subsequent studies by Winter and Schlesinger” have confirmed and extended 


_ these findings. Furthermore, in our laboratory it has been possible to establish, 


in HeLa cell tissue culture, a model of a persistent infection with virus Types 
3 and 4.8 

Thus, in the past, clinical and epidemiological studies have suggested clues 
to the etiology of certain diseases. Today, the frequent isolation of new viruses 
not only arouses a “search for their associated diseases,” but it also initiates 
investigation of their basic characteristics. These studies lead to data pertain- 


_ ing to the genealogy of the agents, the factors affecting their spread, and the 
- relationships that the viruses establish with the cells that they infect in their 
- natural hosts. 


i aaa 


References 


. Rowe, W. P., R. J. Hursner, L. K. Grimore, R. H. Parrorr, & T. G. Warp. 1953. 
Proc. Soc. Exptl. Biol. Med. 84: 570. 

. Hitteman, M.R. & J. H. Werner. 1954. Proc. Soc. Exptl. Biol. Med. 85: 183. 

. Neva, F. A. & J. F. Enpers, 1954. J. Immunol. 72: 315. 

. Kyetten, L. 1955. Arch. ges. Virusforsch 6: 45. 

. GinszerG, H. S., G. F. BapcEr, J. H. Dincte, W. S. Jorpan, Jr. & S. Katz. 1955. J. 
Clin Invest. 34: 820. 4 

. GinsBerc, H. S., E. Gop, & W. S. Jorpan, Jr. 1955. Proc. Soc. Exptl. Biol. Med. 
89: 66. 

. Scuerer, W. F., J. T. Syverton & G.O. Gey. 1953. J. Exptl. Med. 97: 695. 

. GrysBercG, H.S. J. Immunol. In press. 

. Hurpner, R. J., W. P. Rowe, T. G. Warp, R. H. Parrorr & J. A. BELL. 1954. New 

_ Engl. J. Med. 251: 1077. 

10. Rows, W. P., R. J. Hursner, J. W. Harriey, T. G. Warp & R. H. Parrott. 1955. 

Am. J. Hyg. 61: 197. , 
11. Rowe, W. P., J. W. Hartrey & R. J. HUEBNER. 1956. Proc. Soc. Exptl. Biol. Med. 
91: 260. 

12. Kyeten, L., G. Locermatm, A. SvepMyR & K. G. THORSSON. 1955. Nature. 175: 505. 

13. Harrorp, C. G., A. Hamin & E. PARKER. 1955. Trans. Assoc. Am. Phys. 68: 82. 

14. Morean, C., C. Howe, H. M. Rosr & D. H. Moore, 1956. Federation Proc. 15: 605. 


i 


oo~r D NP wh 


15. Horsratt, F.L., Jr. 1954. J. Exptl. Med. 100: 135. 


16. Horsratt, F. L., Jr. 1955. J. Exptl. Med. 102: 441. 
17. Wen, M.L., eee 1D}. Gisdiee & J. W. Bearp. 1948. J. Immunol. 60: 561. 
18. Horsratt, F.L., Jr. 1956. Science 123: 674. 


‘ 19. HorsFatt, F.L., Jr. & R.G. Hawn. 1940. J. Exptl. Med. 71: 391. 


OY PS ee 


E. Scuwerpt. 1944. Proc. Soc. Exptl. Biol. Med. 57: 173. 
L. Metnicx. 1952. Am. J. Public Health 42: 525. 
_W. SCHLESINGER. 1956. Bacteriol. Proc. 67. 

G. S. Bover. 1956. Federation Proc. 15: 589. 


20. Lorine, H.S. & C. 
21. Kapian, A.S. & J. 
22. WintER, J. W. &R 
23. GINSBERG, H.S. & 


MECHANISMS OF PERSISTENT AND MASKED 
INFECTIONS IN TISSUE CULTURE* 


By W. Wilbur Ackermann 
Department of Epidemiology and Virus Laboratory, University of Michigan, Ann Arbor, Mich. 


It has been repeatedly observed that certain infected tissues that initially 
cannot be made to yield virus upon isolation will do so after the tissues have 
been subcultured in vitro (Rowe et al., 1953, and Hull, Minner, and Smith, 
1956). This cultivation im vitro subjects the cells to new environmental in- 
fluences. The cells are transformed from a resting state to one of rapid -pro- 
liferation; furthermore, they are removed from the humoral influences of the 
host. Once isolated, the viruses are apparently cytopathogenic to the progeny 
of the cells that formerly harbored them. If one disregards the possibility that 
the cultures were repeatedly contaminated after isolation, one must assume that 
the virus was present in the tissue in some nontransmissible or masked form. 
The factors involving the length of time the virus had persisted in the tissue 
and whether it had been undergoing some restricted multiplication present 
questions of considerable interest. 

Several years ago we made the observation that poliovirus could be repeatedly 
isolated from subcultures of HeLa cells in which prolonged and extensive cellu- 
lar multiplication was occurring (Ackermann and Kurtz, 1955). In this ex- 
perimental system there was strong evidence that the virus not only persisted, 
but to some degree replicated. More recently, this type of observation in 
vitro has been extended to the adenoviruses (Ginsberg and Boyer, 1956). 

The aim of this presentation is to consider what relation these in vitro sys- 
tems bear to the phenomenon described by Rowe and Hull and their associates, 
on the one hand, and to the problem of recurring infections and persisting im- 
munity, on the other. 

The first efforts at explanation should be in terms of the known framework 
and principles of the single infectious sequence, and one should be cautious in 
postulating new principles and laws. From this viewpoint it may be worth 
while to note that there is a nontransmissible phase in the normal infectious 
sequence of animal viruses. Further, if the normal sequence of development is 
interrupted by the use of metabolic antagonists after infection has been ini- 
tiated, as has been done with influenza virus (Ackermann and Maassab, 1955), 
or by the use of deficient medium as applied to psittacosis (Morgan, 1956), 
the infected cell can remain in a state of virostasis for long periods, even for 
days. The period of virostasis may be terminated upon change in the environ- 
ment, and the infectious sequence will then continue and will yield virus. In 
the case in which virostasis was induced with an inhibitor of protein synthesis, 
viral development still continued in this noninfectious stage. 

The fact that virus in the noninfectious state is quite durable, perhaps more 
so than when in the extracellular infectious form, is further illustrated by re- 
combination experiments in which irradiated influenza virus was found to react 


* The work described in this paper was aided by a grant from the National Foundation for Infantile Paralysis, 
Inc., New York, N. Y. 


392 


i 


Ackermann: Infections in Tissue Culture 393 


with host cells, to persist for as long as 4 days, and then to undergo recombina- 
tion when active virus was added (Baron and Jensen, 1955). 

These findings are illuminating with regard to the persistence of virus without 
reference to the principle of lysogeny that is used to describe persistence and 
controlled multiplication of an infectious agent without cytopathology. 

In regard to the masking of viral activity and the consequent difficulties in 
the detection of virus, particularly in the presence of inhibitors, it should be 
noted that neutral mixtures of virus and antibody that will not produce an 
extending or consuming infection in a HeLa culture (that is, not an overt cyto- 
pathogenic effect) and in the presence of which the cells propagate readily can 
be made to yield virus by a number of other procedures. Details of these pro- 
cedures will be considered later. It suffices to stress the point that, while a 
virus may exist under certain circumstances in a nonpathogenic state, this phe- 
nomenon may be quite unrelated to our inability to demonstrate viral activity 
_ in certain preparations. 


Properties of the Carrier State 


Origin. The essential part of the observation im vitro considered here has 
already been recorded in the literature (Ackermann and Kurtz, 1955). In 
summary, when a culture of HeLa cells is exposed for 1 hour to a large amount 
~ of poliovirus and is subsequently washed and treated with immune serum, most 
of the cells show the degenerative changes typical of virus action. A small 

portion (about 6 per cent) of the original population survives and retains the 
capacity to multiply. Such cells have been subcultured over 30 times, multi- 
plying by 10", For reasons that will become obvious later, these cell popula- 
tions have been designated as carrier cultures. 

Morphology and respiration. The cultures derived from these surviving cells 
have been found to differ in several interesting aspects from standard growths. 
Their distinctive morphology is illustrated in the accompanying series of photo- 
micrographs. The standard cell line at low magnification (FIGURE 1) shows 
characteristic polygonal cells oriented in a close-fitting pattern. It will be 
noted in the corresponding culture of carrier cells (FIGURE 2) that individual 
cells are elongated and grow in a dispersed pattern. At higher magnification 
(FIGURE 3) it is clearly seen that the cells are not only elongated, but that the 
cytoplasm is small as compared to the nucleus. Whatever processes they have 
extend from the polar extremes. These details are in clear contrast to those of 

the standard culture (FIGURE 4). - 

A 30-per cent lower oxygen consumption per cell, as measured in the usual 
_ growth medium, corresponds with this reduction in cytoplasm. As is the case 

with standard cultures, the respiration of the carrier cell is stimulated by the 
addition of glutamine. However, at maximum stimulation the rate of respira- 
tion is 30 per cent lower than that of the standard cell (TABLE 1). 
 Superinfection of the carrier culture. The differences in metabolism and mor- 
phology between these cell types led us to study the reaction of the carrier cells 
to superinfection with other viruses. The carrier cultures were stabilized with 
immune serum of a type corresponding to that of the virus used to produce the 
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Ficure 1. Standard culture of HeLa cells grown on a cover slip; stained by Giemsa’s 
method. About X50. 


carrier culture; varying amounts of poliovirus of a second type were then added. 
When infection was initiated with any type of poliovirus or Coxsackie virus, the 
visible cytopathology developed more slowly in carrier than in standard cells. 

This subjective visual impression was confirmed by counting the cells remain- 
ing attached to the glass wall at some suitable interval of time after infection 
(TABLE 2). For example, when the 2 cultures were infected with 102 TCDs5, 
of Type 2 virus, 76 per cent of the cells remained in the carrier line at 48 hours, 
while 4 per cent remained in the standard culture. However, it should be noted 
that the cultures were susceptible to the same degree in that both could be 
infected with equally small quantities of virus despite the fact that the rate of 
deterioration was different. 


Rate of viral development after superinfection. The slow rate of cellular 
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destruction apparently results from a slow rate of viral multiplication in the 
carrier line. When parallel cultures of standard and carrier lines were infected 
with the same amount of virus and when the growth curve in the culture was 
then followed, there was a lag of 16 to 18 hours in the time required for titers 
of virus in the carrier line to reach values comparable to those of the standard 
culture. Once viral increase begins, however, it appears to proceed at the same 
rate in each culture (FIGURE 5). 

Action of immune serum upon infected carrier cells. The lag phase in the car- 
rier culture was further studied by determining the sensitivity of the cells to 
immune serum after exposure to virus. This was effected by exposing carrier 
and standard lines to a large inoculum of virus for 1 hour and then removing 
the virus and overlaying with immune serum. The extent of cellular destruc- 


Gleubje 4G poliovine feceed in im- 
. Culture of HeLa cells subjected to poliovirus Type 1 and subcu 
ace ore is Magee che culture was grown on a cover slip and stained by Giemsa’s method 
under conditions closely paralleling those of the culture in FIGURE 1. About X50. 
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Ficure 3. Higher magnification of the culture shown in FIGURE 2. About X500. 


tion was then observed. The evidence from such experiments indicates a re- 
markable difference in the response of the 2 lines. For example, in the standard 
HeLa culture, 67 per cent of the cells were infected and destroyed, while a par- 
allel treatment of the carrier line destroyed only 3 per cent. Clearly, after 
exposure to virus, either the carrier cell is more sensitive to the action of im- 
mune serum or the early stages of infection are unusually prolonged. 

Response of carrier culture to removal of antibody. As yet, it has not been 
determined whether these strange cells arise by selection of variants originally 
present in the cell population at the time the line was established or whether 
they arise by a process of induction as a result of intimate association with virus. 
However, if the growth-supporting medium containing antibody is removed, the 
culture will disintegrate spontaneously and, quite often, but not in every in- 
stance, virus can be isolated (Ackermann and Kurtz, 1955). The virus isolated 
is of the same type originally used to produce the culture. When the mainte- 
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; Ficure 4. Higher magnification of the standard culture of HeLa cells shown in FIGURE 
1; stained by Giemsa’s method. About X500. 


nance solution in which disintegration occurs is supplemented with specific 

immune monkey serum, the culture is stabilized. While some multiplication of 
cells can be obtained with human serum free of antibody, this is effective for 
only one or two passages. Apparently the carrier state is not alone the result 
of an intrinsic property of the individual cell. There must be a function of 
immune serum in the system, even though it is mediated through special prop- 


erties of the cell. 


Action of Immune Serum 


Without eliminating the virus completely, the essential action of immune 
serum must be either to restrict transmission of infection from cell to cell or to 
alter the developmental pattern of viruses in infected cells so as to allow con- 
tinued cellular multiplication. The problem can be reduced to a determination 
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TABLE 1 
RESPIRATION OF STANDARD AND CARRIER LINES OF HELA CELLS* 
- : h 1,000,000 cell 
Op mptake i tere ae cell ge 
Supplement Experiment number 
Standard culture Carrier culture 
1 88.7 N.D.f 
ir Z 78.3 47.9 
3 88.0 67.0 
4 81.0 59.0 
Average 84.0 57.9 (69%) 
Glutamine 0.3 mg./ml. 1 103.5 N.D.f 
meet 2 103.0 63.0 
3 101.8 70.7 
4 N.D.t 6721 
Average 102.8 (100%) 66.9 (65%) 


* HeLa cells from standard and carrier cultures were suspended from monolayers by the use of trypsin. The 
number of cells was determined with a hemocytometer, and oxygen consumption was measured in the Warburg 
apparatus over an 18-hour period. The cells were suspended in the usual growth medium composed of 60 per 
cent balanced salt solution and 40 per cent human serum. 

+ Not done. 


as to whether every cell in the carrier culture simultaneously possesses the po- 
tential to give rise to virus at some time. An unequivocal answer cannot be 
adduced from the present data, but it may be worth while to consider what 
data are available and how they may influence our speculation. 

While it is not known if all cells in the carrier culture are infected, it is clear 
that nearly all of them show distinctive morphology and that at least a frac- 
tion of the population is producing virus while the culture is undergoing net 
cellular increase in the presence of immune serum. The fact of survival and 


detection of virus in the growth medium of carrier cultures was established from 
the considerations discussed below. 


TABLE 2 


Rate OF DEVELOPMENT OF VIRAL CyTOPATHOLOGY IN STANDARD 
AND CARRIER LINES OF HELA CELLS* 


Cellular survival 
ee Control = 100 
Dilution of superinfecting virus 
Standard culture Carrier Type 1 

10-1} 0.0 0.1 

Type 1 10-4 5.5 76.3 
10-5 39.5 114.0 

10f 1.0 i ee 

Type 2 10-4 4.4 76.0 
‘ 10-5 i 85.0 


* In the studies of superinfection with Type 2 poliovirus the cultures were stabilized with i 
monkey serum. When Type 1 virus was u 4 rien h A feel tic te 


101 " } sed, the experiment was terminated before a 1 

disintegration of carrier cultures began. : 4 lige oe a ee 
} Forty-eight hours after virus addition. 
t One hundred and twenty hours after virus addition, 
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Recovery of virus from neutral mixtures. If a mixture of virus and antibody 
is prepared in certain proportions and then layered over a culture of HeLa 
cells, it will not establish an extending or consuming viral infection and will 
not produce visible cultural degeneration even with the passage of time. Fur- 
thermore, proliferation of the host cell will occur in the presence of the mixture. 
Such preparations will be referred to as neutral mixtures. When a culture is 
exposed for several hours to such a neutral mixture, later washed repeatedly 
with maintenance solution, and then incubated further, the culture will degen- 
erate and produce virus. In some experiments the supernatant fluid was re- 
moved; the culture was then washed thoroughly with a solution containing 
immune serum in order to remove the neutral mixture; finally, the culture was 
washed once more, this time with maintenance solution to remove the remain- 
ing immune serum. In this manner, possible dissociation of the neutral mix- 
ture was avoided. However, the same results were obtained as heretofore. 
In the latter experiments the phenomenon appears to be different from the in- 
fection that would follow the reactivation of antigen-antibody unions by simple 
dilution, and it implies the formation of some cell-virus complex prior to re- 
duction of the antibody concentration. ' 

These findings are consistent with much evidence in the literature indicating 
that cell-virus-antibody complexes can exist. Viral antibody can be adsorbed 
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Ficure 5. Rate of virus multiplication in standard and carrier cultures of HeLa cells. 
Parallel cultures of standard HeLa and carrier cells (Type 1) were: prepared in bottles. The 
monolayers were overlaid with maintenance solution containing hyperimmune Type 1 monkey 
serum, and each layer was infected with approximately 10 TCDso of Type 3 poliovirus. The 

‘supernatant fluid was sampled at varying intervals and titrated for virus in tissue cultures. 
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selectively by red blood cells to which influenza virus is irreversibly bound 
(Jensen and Francis, 1953), and there is also very strong evidence that viral 
antibody will react with complexes of chorioallantoic cells and virus (Ishida 
and Ackermann, 1956). Further, if phages are first neutralized with antibody, 
they will still bind to bacteria. It should be noted that virus in combination 
with antibody is not destroyed, and that its activity can be regenerated by 
displacement with inactivated virus, as shown by Hultin and McKee (1952), 
by Krech (1955) and, most recently, by Dulbecco (1956). Although the point 
is not fully clarified, it seems that under certain circumstances the complex 
may be dissociated by simple dilution. Many preparations of virus appear 
inhomogeneous, not only in their reaction with formalin and heat, but also 
antibody. There is some evidence to show that it may be possible to recover, 
from neutral mixtures, virus that does not react with antibody (Dulbecco, 
1956). This is apparently not a genotypic variation but, rather, one due to 
the state of aggregation or physical form. The concept of a fraction of virus 
resistant to antibody and that of a reversible virus-antibody complex are not 
mutually exclusive. 

Growth media of carrier cultures. "The growth media of carrier cultures behave 
as neutral mixtures and, in many instances, they yield virus by exposure to 
susceptible cells, a process followed by the removal of excess antibody. The 
existence of virus in the medium was also demonstrated by preparing and inocu- 
lating the appropriate dilution into susceptible cultures. This is of some in- 
terest since these neutral mixtures had been standing over the carrier cells for 
several days, and one might have expected that any virus refractory to anti- 
body would be adsorbed from the mixture by these cells, as was done later by 
the cells of the standard culture. 

Thus, it becomes clear that either free virus or virus-antibody complex was 
present in the growth medium and could have produced some sort of infection 
of standard HeLa cells. From this it follows that at least a fraction of the cells 
in the carrier culture were producing virus while there was a net cellular in- 
crease. A generalized infection becomes manifest only when the cultures are 
freed of antibody. This is due either to a more widespread degeneration of a 
cell-virus-antibody complex in the presence of a reduced antibody concentration 
or to the generalized spread of an infection that formerly spread only by virtue 
of a small antibody-uncombined fraction of the viral yield. 

Viral transmission in the presence of antibody. Significant to the problem 
is the question whether an infection can be maintained and transmitted at a 
low level through the medium in a culture of cells while the cells are retained 
under a neutral mixture. This is a difficult question to resolve for, while virus 
can be detected in neutral mixtures as described above, it is impossible quanti- 
tatively to measure virus in the presence of antibody by infectivity determina- 
tions. The problem was approached experimentally in the following manner: 

A culture was prepared with a standard-size inoculum of HeLa cells and sup- 
plied with a medium composed of a neutral mixture of antibody and poliovirus. 
In 1 week the culture had grown into a complete monolayer of cells. The su- 
pernatant fluid was removed, and the cells were layered with maintenance solu- 
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tion. Upon further incubation the culture showed the degenerative changes 
characteristic of poliovirus, and a virus was isolated. The supernatant fluid 
was diluted with an equal volume of fresh medium and was used to grow a new 
culture of HeLa cells started with a standard inoculum. The procedure was 
repeated several times. Thus, by passing the culture medium (with some dilu- 
tion and some additional immune serum) over fresh cells and testing it for virus 
in each passage, it was possible to learn if the isolable virus in the neutral mix- 
ture was a fixed residue that was being diluted away or whether it was being 
maintained by virus yielded by the new cells retained under the neutral mix- 
ture. Later passages were also carried in bottles that contained no cells. 
While these experiments are not conclusive, it has been clearly possible, in one 
series, to demonstrate virus in the supernatant fluid in 5 consecutive passages. 
In control passages containing no cells, the virus was lost by dilution and ther- 
mal inactivation after 2 passages. 

Comment. The experiments with neutral mixtures of antibody and virus 
provide at least one mechanism to explain how virus may be restricted in its 
action by immune serum and yet not be eliminated thereby. If an infection 
is restricted to a fraction of the population of a culture, this fraction must re- 
main constant if the infection is to persist. Since the culture is multiplying, 
the number of infected cells must also increase. At any given time, /, one would 
expect the number of virus-producing centers, J;, to be related to the original 
number J, in the following manner: 


ye a ig 


where P is the mean effective fraction of the viral yield per cell that can func- 
tion in the presence of antibody, and ¢ is the time required for 1 cycle of in- 
fection. The rate of increase of the supporting cells in the culture would be 
related to the time for binary fission, to the number of viable cells, and to the 
magnitude of the fraction used to support the infection. 

While the disintegration of carrier cultures in the absence of antibody with- 
out the production of virus remains difficult to explain, the morphological 
traits of carrier cells and the resistance to superinfection are the types of varia- 
tion that one might expect to select by the procedure that produced the carrier 
lines of cells. 1 

Regardless of the mechanisms involved, there still remains the primary ob- 
servation that the action of immune serum upon an infected culture is not to 
eliminate the virus but, rather, to contribute to its survival. If, in the intact 
animal, such mechanisms are operative, the present observations provide an 
illustration at the cellular level of how resistance may develop in the presence 


_ of a stable host-parasite relationship. 
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PROBLEMS IN CHARACTERIZING AND IDENTIFYING AN 
APPARENTLY NEW VIRUS FOUND IN ASSOCIATION WITH 
MILD RESPIRATORY DISEASE IN RECRUITS* 


By William J. Mogabgab and W. Pelon 


Department of Medicine, Tulane University School of Medicine, New Orleans, La., and Virology 
Division, Naval Medical Research Unit No. 4, Great Lakes, Ill. 


Studies of respiratory illness occurring in military and other populations have 
been hampered by lack of knowledge of the causative agents in many of 
these infections. Recent contributions to the elucidation of this problem have 
included descriptions of the role of the adenoviruses’ (formerly known as the 
APC or RI group of viruses!) in the etiology of respiratory disease. How- 
ever, there are many upper respiratory illnesses, especially in the mild afebrile 
category, that cannot be ascribed to known infectious agents. Although the 
incidence of such disease is not reflected by infirmary or hospital admission 
rates, daily surveys show them to be the most common in nonepidemic periods.°® 

In order to acquire more information on the etiology of respiratory disease in 
military populations, studies were designed to assist in associating recovered 
viruses or pathogenic bacteria with clinical disease. Individual companies of 
recruits at the Naval Training Station, Great Lakes, IIl., were selected, since 
they represented homogeneous groups on which daily observations could be 
made. At the onset of each respiratory or other illness a nasopharyngeal 
washing, a throat culture, and a blood specimen were obtained. Periodically, 
blood was taken from all of the men, and nasopharyngeal washings were col- 
lected from some men without symptoms. Thus, the pattern of isolations and 
antibody responses with any agent obtained could be observed in relation to 
the time of occurrence of clinical illnesses. 

Virus isolation with these specimens was performed by inoculation of mon- 
key-kidney and HeLa cell cultures and chick embryos. All specimens were put 
through at least two passages; the cultures were incubated for 3 weeks at each 
passage; the embryonated eggs for 3 days. The use of a growth medium con- 
sisting of Mixture 199 of Morton, Morgan, and Parkerf with 5 per cent bovine 
embryo extract, and 5 per cent inactivated horse serum throughout experiments 
facilitated the holding of monkey-kidney cultures for prolonged periods. On 
the basis of their time of appearance in monkey-kidney cultures, cytopatho- 
genic agents could be separated into those requiring less than 10 days to become 
manifest and those that required a longer period. The agents in the latter 
category frequently demonstrated lesser degrees of cellular change until several 

“passages had been made. ; 

One of these agents (designated 2060), with slowly developing cytopathogenic 
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effects, was selected for study.®7 This agent was initially obtained from men of 
a recruit company experiencing mild coldlike illnesses, with temperatures of 
100° F. or less. In this company of 60 men there was no evidence, as deter- 
mined by isolation or antibody response, of infection by influenza A or B, by 
adenoviruses, or by Group A streptococci, nor were there clinical indications of 
any other known infectious diseases. Thus, any cytopathogenic agent isolated 
from such a group deserved study, since there was no apparent etiological ex- 
planation for the illnesses that occurred. Because it was possible to demon- 
strate human infection by neutralizing titer increments after illnesses, it seemed 
that the relation of this agent to human respiratory disease should be investi- 
gated. Its similarity to previously described viruses was important, but it 
would not change the significance of any demonstrable association with respira- 
tory disease. This paper presents some of the problems encountered in at- 
tempting to identify and characterize such an agent and to describe its role in 
respiratory disease. 

Isolation and propagation of 2060. On initial isolation, cytopathogenic ef- 
fects were observed upon the second monkey-kidney culture passage. Addi- 
tional isolations of similar agents were sometimes detectable on first passage. 
The agent was propagated serially with culture fluids obtained 2 to 3 weeks 
after inoculation. Time of appearance decreased and amount of cytopatho- 
genic effect increased with subsequent passage, indicating a degree of adapta- 
tion. Most of the experiments described herein were conducted with fluids 
from the twelfth monkey-kidney culture passage. 

Problems in identification of 2060. That the 2060 agent was probably a virus 
was shown by its lack of growth on various bacteriological media, the absence 
of microscopically visible bodies in stained cells, the lack of effect on it of 
various antibiotics, and its capacity to pass through an ultrafine sintered glass 
filter. Although the use of antisera to all known viruses might have been con- 
sidered the preferable method of identifying a cytopathogenic agent, it was 
obvious that this approach could not be followed. Therefore, the general 
biological characteristics of 2060 were investigated in an effort to narrow the 
field of possibilities. In TABLE 1 it can be seen that effects were demonstrated 
only in monkey-kidney or monkey-testis cultures or human-embryo kidney 
cultures. For the purpose of classification, such results had definite limitations, 
since variations in the number of passages required for adaptation to animal 
hosts can be found among known viruses and even among different strains of 
the same group. Moreover, successful isolation by adaptation to an animal 
host often requires passage at the time of maximum virus titer. An additional 
difficulty may have occurred as a result of changes in host specificity due to 
passages in monkey-kidney cultures. Attempts were made to overcome the 
latter problem by the employment of original nasal washings for the inoculation 
of suckling and adult mice and chick embryos and various types of cells in cul- 
tures. Negative results again had limited value, since it has been shown in 
certain instances that more virus is required to infect the animal hosts than to 
infect tissue culture.’ 


Other characteristics of the agent. Infected tissue-culture fluids or amniotic 
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TABLE 1 
Errect oF 2060* Upon PAssaGEs IN Various TissuE CULTURES OR ANIMALS 


= 


Tissue culture gee Animal Inoculation site e 
Monkey kidney = Chick embryo (10 day) | amniotic sac 
Monkey testis + Chick embryo (10 day) | chorioallantoic = 
membrane 
Human embryo kidney tn Chick embryo (6 day) yolk sac — 
Chick embryo = Swiss mouse (21 day) intraperitoneally 
intracerebrally _ 
HeLa = intranasally 
KB = Swiss mouse (1 day) intraperitoneally — 
intracerebrally 
Human conjunctiva = Albino rabbit intraperitoneally - 
intravenously 
Monkey cornea = Albino rabbit cornea — 
Bovine embryo kidney _ 


* All systems were inoculated separately with original nasal washings and 105-0 TCDs0 of TCiz (MK). Two 
or more blind passages were done in each case. 


fluids from inoculated chick embryos did not agglutinate human Type O, fowl, 
monkey, or sheep erythrocytes at 4° C. or 24°C. Variations in pH or elec- 
trolytes also had no effect on the hemagglutinating activity of these prepara- 
tions. However, agglutination of human or fowl erythrocytes previously 
treated with 0.25 per cent trypsin for 30 minutes occurred at titers of 1/256 
or less. 

A satisfactory complement-fixing antigen has not yet been prepared with the 
2060 agent. Even when the TCDs0 (that dilution of virus producing cyto- 
pathic changes in 50 per cent of the inoculated cultures) was as high as 10’, 
complement-fixing antibody titers with rabbit- or human-immune sera were 
low. Concentration of the agent resulted in anticomplementary activity. 
Additional studies will undoubtedly reveal satisfactory methods for the use of 
this device. 

The characteristic cytopathogenic effect of 2060 is shown in FicuRE 1. Af- 
fected cells initially became enlarged and rounded. The cytoplasm had a fine 
granularity, and the nucleus was indistinct. As changes progressed, cells be- 
came pyknotic and fragmented or were detached from the surface of the culture 
tube. Even with large inocula, the cytopathogenic effect could not be defi- 
nitely detected until 5 to 7 days had passed. With smaller inocula, as much as 
3 weeks elapsed before changes were evident. 

Problems in determining stability of 2060 to physical and chemical agents. 
‘Classification of 2060 as a relatively stable virus was based on the results shown 
-in TABLE 2. It can be seen that exposure for 30 minutes to temperatures of 
50° C., to alcohol, to 20 per cent ether, to 0.1N HCl, or to 0.1N NaOH did not 
abolish infectivity. However, for the purpose of classifying the agent, only 
limited value can be attached to these data. There are no standard procedures 
for testing the stability of known viruses, and few have been studied after their 
propagation in tissue culture. Thus, the effect of variables in a virus-suspend- 
ing medium such as protein, electrolytes or pH could not be evaluated when 
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b Se eeic 
Ficure 1. (A) Normal monkey-kidney culture; (B) monkey-kidney culture showing 


cytopathogenic effect of 2060 14 days after the inoculation of 105 TCDs5o ; (C) monkey-testis 
culture showing cytopathogenic effect 14 days after the inoculation of 10° TCD5.. 100. 


attempting to compare these results with those obtained for known viruses. 
It is also obvious that the initial infectivity of the agent, as well as the time of 
exposure, may influence the results obtained. Such data, therefore, were useful 
only for the purpose of general classification of 2060 as a stable agent and could 
not be extended to aid in further identification. 

Problems in identification of 2060 by means of antisera to known viruses. Ac- 
quisition of antisera to a broad spectrum of known viruses was not feasible. 
The stability, the nonpathogenicity for suckling or adult mice, the delayed de- 
velopment of cytopathogenic effects, plus the lack of hemagglutinins or of ef- 
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TABLE 2 
EFFECT OF ENVIRONMENTAL CONDITIONS ON INFECTIVITY OF IsoLATE 2060* 


Infectivity after exposure 
Condition 


One half hour Twenty-four hours 


4°C. 

20 

45 

50 

56 
pH 0.9-10. 87 
95% ethanolt 
70% ethanolt 
20% ethert 
5% phenolf 


—— 

*T Cis (MK) with IDs of 105-° was used. 

{ The pH was varied with HCl and NaOH and held at 4° C. 

t An addition of 0.1 ml, of 2060 was made to 0.9 ml. of solutions, which were then held at 4° C. for the indi- 
cated times and diluted 10— for inoculation. Controls without 2060 were observed also. 


+ 
+ 


++4++tot+++ 
444 


fects in the chick embryo, all indicated an unusual type of virus. In TABLE 3 
those antisera that failed to neutralize the 2060 agent are shown. It is obvious, 
nevertheless, that there are many other known viruses that have not been 
tested. The information obtained on general characteristics of the agent sug- 


4 gested that the antigenic relation to the Coxsackie, the ECHO,’ and the adeno- 


viruses should be investigated further. 

Since a satisfactory complement-fixing antigen of sufficient titer was not 
available, testing was done in a reverse fashion. Acute- and convalescent- 
phase human sera with demonstrable increments in neutralization titers to 2060 
were tested by complement-fixation with adenovirus Type 4, Coxsackie A 
Types 7 and 9, and Coxsackie B Types 3 and 4. In no instance was a rise in 
titer of complement-fixing antibody demonstrated. These results were ac- 


- cepted as presumptive evidence that the agent was not antigenically related to 


the adenovirus or Coxsackie groups. 


TABLE 3 
ANTISERA TO KNOWN VIRUSES THAT LacKkED NEUTRALIZING ANTIBODY FOR 2060* 


Antisera Source 
Mei denavirns Types 1,2, 3, 4,.5,.6, Taxa cey seers + samen tee nes Rabbit 
Mouse 


Mraneh ie tA EV DCs 1 Ogee are Fup eee en a 
oncackie B, Lypes 1) 2, Sy S.-i ese at ete es Mouse 


Pinliommyelitias Uypesi ly )2, ew -ciem 5% vie Siete dese hee ere Monkey 
Tilbhui? sey a0 Ce vile oP aC Rooster : 
1S G2 Lao) Co eg a i a Guinea pig 
ee err Se er Canine 
sats Ee 0 REIS SR gre CO A a ad Fowl 
ET ea hae ects Miata ah ae hs curity Ft Human 
Oui ioclge, veht de Rc ESD enn MRS RGR i Sa ea ana eae Human 
Feria erect eat ects a Acar Pewe ints ere caret oh aida is «nie Pigeon 
Bovine 


RANSON roc 02 ake men eee ete Te 


= Aliquots of TCiz2 (MK) with IDs of 104-° were held for 30 minutes at 4° C. with antiserum prior to inocula- 
tion of cultures. There was no delay in subsequent appearance of cytopathogenic effects as compared to control 


cultures. 
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TABLE 4 


VARIATIONS IN TIME OF APPEARANCE OF CYTOPATHOGENIC EFrect* DEPENDENT 
Upon THE AMOUNT OF 2060 TCi2 (MK) InocuLaTep 1nTO MONKEY- 
KimpNEY CULTURES 


Days of observation 
Inoculum 
sommes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
7.3 +) |++ + —+ 
Bie Ree eh) oo A 
as 
; i ++) |t+ 
5.3 +) |++) + +4 
BTR cialis ++ 
os Bs +4 ++ 
3.3 +| |++) | + ++: 
++ ++ 
2.3 4 ~+ + +4 
++) j++ 
13 2 
IDsot hy 1.4 17, 4.8 8.3 


* Symbols: 1+, early changes; 2+, definite effect; 3-44, marked destruction of culture. 
+ Based upon 2+ cytopathogenic effect. 


A delay in the cytopathogenic effect of ECHO virus Type 10 was found with 
rabbit antiserum to 2060. This did not occur above a serum dilution of 1:16, 
and it was also found in greater degree with preimmune serum. However, it 
is of interest to note that the cytopathogenic effects and the slow growth char- 
acteristics of ECHO Type 10 and 2060 are somewhat similar. Other ECHO 
viruses were not neutralized by 2060 rabbit antiserum. Additional studies on 
the antigenic relations of 2060 to the Coxsackie and ECHO viruses are probably 
necessary despite these observations. 

Difficulties in growth and determination of antibody titers to 2060. The long 
period required for detection of cytopathogenic effects even after infection with 
as much as 10’ TCDsp of 2060 can be seen in TABLE 4. Determination of the 
end point in such titrations was also difficult because of the appearance of non- 
specific degenerative changes in cultures held for long intervals. A period of 
10 days was therefore arbitrarily selected for readings of cytopathogenic effects. 
This time was also used in neutralization experiments. 

As determined on the tenth day, the amount of infectious agent did not af- 
fect the neutralization titer of an antiserum unless 10° TCDso or more were 
used. Such amounts lowered the titer by fourfold or more. Accordingly, 
neutralizations were done with 10° or 10! TCD; and varying serum dilutions. 

The fluid phase of the monkey-kidney culture system also influenced ID5o 
and neutralizing-antibody determinations. Thus, in most experiments the 
use of Mixture 199 without supplementary materials resulted in an earlier ap- 
pearance of cellular changes. Affected cells were also more readily detectable 
because of the increased size and numbers involved. In contrast, when .5 per 
cent lactalbumin hydrolysate was employed as the maintenance medium, the 
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TYPE OF OCT. TO DEC. 1954 
ILLNESS 


COLD 


DIFFUSE 


PHARYNGITIS 


CHEST 


I-2 3-4 5-6 7-8 9 
WEEKS AT STATION 


Ficure 2. Respiratory illnesses in a recruit company at the Naval Training Station, 
Great Lakes, Ill., in the fall of 1954. The illnesses are classified according to their pre- 
dominant clinical characteristics, time of onset, and increments of neutralizing antibody to 
2060. 

Cold = coryza without fever; diffuse = sore throat, cough, coryza; pharyngitis = sore 
throat with dysphagia; and chest = tracheitis, bronchitis, or pneumonia. 

The black areas indicate the number of illnesses with rises in titer of antibody to 2060. 


rounding of the cells that occurred in cultures held for prolonged periods made 
difficult the reading of the characteristic cytopathogenic effect. When 
Scherer’s maintenance solution* or Eagle’s solution* was used, cytopathogenic 
effects were scanty. Additional work is needed to determine the most suitable 
cell- and tissue-culture system for the growth of 2060 and the detection of its 
effects. 

Ts 2060 related to respiratory illness, or was human infection incidental? ‘The 
clinical distribution of respiratory illnesses that occurred in recruit companies 
of 60 men studied during the fall of 1954 and the spring of 1955 is shown in 
FIGURES 2 and 3. Those illnesses that could be associated with the 2060 agent 
on the basis of a fourfold or greater rise in titer of neutralizing antibody are also 
indicated. Although the numbers were too small to be considered significant, 
it can be seen that most of the latter were found in the afebrile coldlike category. 
~ Tsolations of cytopathogenic agents with effects like those of 2060 and neutral- 
ized by rabbit antisera to the agent were obtained from approximately one half 
of the men at the onset of the illnesses that were followed by increments of 
neutralizing antibody to 2060. This agent was isolated in but one case, and 
two cases with rises in antibody in the absence of any symptoms were found. 
In the company studied in the spring (FIGURE 3) there was also evidence of in- 


* Microbiological Associates, Inc., Bethesda, Md. 
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rier MAR. TO MAY 1955 
ILLNESS 


COLD 


DIFFUSE 


PHARYNGITIS 


CHEST 


b2 3-4 6 v8 9 


WEEKS AT STATION 


FicureE 3. Respiratory illnesses in a recruit company at the Naval Training Station, 
Great Lakes, IIl., in the spring of 1955. The illnesses are classified according to their pre- 
dominant clinical characteristics, time of onset, and increments of antibody to isolate 2060. 

Cold = coryza without fever; diffuse = sore throat, cough, coryza; pharyngitis = sore 
throat with dysphagia; and chest =tracheitis, bronchitis, or pneumonia. 

The black areas indicate the number of illnesses with rises in titer of antibody to 2060. 


fection by rubella, influenza B, and adenovirus Type 7. All of these illnesses 
fell into categories other than coldlike. 

Respiratory illnesses associated with 2060 were characterized by coryza with 
occasional mild sore throat or cough, temperature recordings of 100° F. or under, 
and duration of 3 to 5 days. Malaise and frontal headache were occasionally 
present, but they were not predominant. 

Additional indications of the extent of infection of man were derived from 
titers of neutralization of from 1/32 with 2 separate lots of pooled y-globulin 


TABLE 5 


NEUTRALIZING ANTIBODY TITERS TO 2060 in SERA oF 37 CHILDREN 
in Curcaco, Itz., in 1955* 


Neutralization titerst 
Age in years : 
<4 4-8 >8-16 > 16-32 >32 
Newborn . 1 
f to 5 4 1 
6 to 10 3) 3 2 5 
11 to 15 1 2 5 7 & 


* Sera were obtained from children hospitalized for a variety of medical and surgical illnesses. 


t Reciprocal of serum dilution inhibiting growth of 104-0 i 
oa ine mies g growth o TCDso of 2060 TCiz (MK) for a period of 10 days 
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and from the common occurrence of neutralizing antibody in children’s sera 
obtained in the fall of 1955 in Chicago, IIl., as shown in TABLES. Although 
the numbers tested in each age group were not uniform, it appears that the sera 
of older children contained a greater amount of neutralizing antibody. 

It seems quite evident that human infection with this agent was common. 
However, the evidence supporting an etiological relation to respiratory disease 
was circumstantial; these illnesses could have been due to simultaneous infec- 
tions with different agents. Infection of volunteers, studies in other groups 
at different times and places and, finally, the effect of immunization on occur- 
rence of clinical symptoms must be investigated before conclusions as to the 
etiological role of 2060 can be reached. 


Summary 


A cytopathogenic agent isolated in monkey-kidney cultures from nasal wash- 
ings of recruits with mild respiratory disease has been described. That human 
infection occurred was shown by the rise in titer of neutralizing antibody in 
these men and in others with similar symptoms. The prevalence of infection 
was indicated by neutralizing antibody in children’s sera from another locality 
and in pooled y-globulin. The biological attributes of the agent included 
growth in cultures of monkey testis and human-embryo kidney, but effects 
were not observed after inoculation of HeLa, KB,'° or human conjunctival 
cells, nor of suckling or adult mice, embryonated eggs, or rabbits, whether 
original specimens of the agent or tissue-culture passage material derived from 
it were inoculated by various routes. Evidence for the viral nature of the 
agent was based upon filterability, lack of effect of antibiotics, and absence of 
microscopically visible bodies in cell cultures or bacteriological media. Re- 
sistance to a wide pH and temperature range and to disinfectants placed the 
agent among the relatively stable viruses. 

Problems in classifying this agent as a previously undescribed virus have 
been presented. Although antisera to many of the common viruses, including 
those of the respiratory group, failed to neutralize the agent, it was not feasible 
to include all the likely possibilities. Biological attributes also were not suffi- 
cient for classification, since atypical strains have been found among all known 
groups, and characteristics have not been determined under standardized con- 
ditions. Even though classification of the agent as a respiratory-tract patho- 
gen seemed reasonable because it was obtained from men with illnesses that 
apparently were not due to known agents, the possibility of coincidental infec- 
tion could not be excluded. Studies of frequency of human infection by isola- 
tion of the agent and determinations of neutralizing antibody were cumbersome 


~ because of the delayed appearance of cytopathogenic effects. It is likely that 


similar problems will beset those who endeavour to associate other cytopatho- 
genic agents with human disease. 
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NEW VIRAL AGENTS RECOVERED FROM TISSUE CULTURES 
OF MONKEY KIDNEY CELLS. II. PROBLEMS OF 
ISOLATION AND IDENTIFICATION 


By Robert N. Hull and James R. Minner 


Lilly Research Laboratories, Indianapolis, Ind. 


In a recent publication! we described 8 apparently new viruses isolated in 
monkey-kidney tissue cultures. These viruses occurred mainly during polio- 
myelitis vaccine safety testing as contaminants in the cultures employed in 
the test. Since the preparation of the original paper, 8 additional agents have 
been isolated and/or characterized in our laboratory. We shall describe these 


_ new agents briefly and discuss in general some of the problems of isolation and 


identification. 
TABLE 1 lists all of the viruses in their respective CPE (cytopathogenic 


effect) groups. It has not been demonstrated as yet that all of these new viruses 


were antigenically distinct from each other. However, those placed in different 
CPE groups most certainly represented different agents. None of them was 
found to be serologically identical with the original 8 agents. Several of the 
viruses that were sent to us from other laboratories were included in this table 
and placed in our classification on a temporary basis until a definite classifica- 
tion of simian virus could be made. This was especially true of those agents 
received from F. S. Cheever at the University of Pittsburgh, Pittsburgh, Pa., 


which were isolated directly from monkey stool specimens. Of 3 samples sup- 


Se ERT 
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plied by Cheever, 1 labeled M9 was identified as SV»; another labeled M19 
was shown by W. R. Hoffert to be a mixture, and proved to be our SV¢. and a 
new agent temporarily given the designation of SVig. The remaining sample 
M12 also appeared to be a new agent and was called SVa. Since 2 of the 4 
could be identified, there appeared to be some justification for including these 
other agents in this classification. SV22, sent to us by R. J. Huebner of the 
National Institutes of Health, Bethesda, Md., was isolated in the monkey- 
kidney cultures; however, because it contained an APC (now called adenovirus) 
complement-fixing antigen, he expressed some reservation about its classifica- 
tion as a simian virus. Several of the other agents, however, also produced CF 


antigens common to the adenovirus group. It appeared that this soluble 


antigen was common to a number of viruses. SV, recently received from 
C. P. Liat the National Institutes of Health, and placed in CPE Group 1, more 
nearly resembled the adenoviruses in its cytopathology and general growth 
characteristics; however, it failed to fix complement in the presence of adeno- 


virus antisera and also could not be neutralized by Types 3, 4, and 7 adenovirus 


antisera. SVs, as previously reported, was isolated from the lung tissue of a 
monkey at the Army Medical Service Graduate School, Washington, Dy. and 
to date has not been encountered as a contaminant in tissue culture. 

The condition of cell degeneration, frequently referred to as the “lacy virus” 
or “foamy agent,” was observed often in our laboratory. However, the many 
attempts that were made to subculture this “agent” or condition failed. At one 
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TABLE 1 
CPE CLASSIFICATION OF SIMIAN VIRUSES 


— 


Group 1 Group 2 Group 3 Group 4 
SV; (Lill SV2 (Lilly) SV: (Lilly) SV; (Lilly) , 
Sn SVi¢ (Sharp and _} SViz (Lilly) SV¢ (Lilly) 
Dohme, E. Dwyer) ey aMsts 
5 (Lill SVis* (Lilly) -M.S.G:5., 
pager nual N. G. Rogers) 
SVi7* (Lilly) S Vio ol UsnOre beg aie 
R. Hoffert) 
SVoot (U. of P., W. R. 
Hoffert) 
SVoet (N.LH., R. J. 
Huebner) 


SV23* (Lilly) 
SVaut (N.LH., C. P. Li) 


* New agents unreported in previous publication. sf : 
+ Agents received from other laboratories and temporarily classified as SV’s. 


time it appeared that one or two passages had been made, and the number 
SVi3 was temporarily assigned to this agent. None of the other simian viruses 
listed in TABLE 1 resembles this so-called ‘foamy agent” in its cytopathology, 
growth characteristics, or titers obtainable. The reports of T. H. Weller of the 
Harvard School of Public Health, Boston, Mass., and J. E. Salk of the Uni- 
versity of Pittsburgh, Pittsburgh, Pa., suggested that the lacy appearance of 
cells observed by us was not the same as that produced by the “lacy” or “foamy” 
agents studied in their laboratories. 

It may be of interest to relate the circumstances under which these agents 
were recognized and isolated. During safety testing of poliomyelitis vaccine, 
thousands of normal monkey-kidney cultures were held and observed over a 
period of at least 21 days. Frequently, we noted in some cultures a cytopatho- 
genic effect that did not resemble that produced by poliovirus. This was 
observed most often after the cultures were 2 to 3 weeks old. In many in- ~ 
stances, the CPE was successfully transmitted to other cultures, and the agent — 
was then typed against both monovalent and trivalent poliovirus antisera. — 
Following the serological elimination of poliovirus, the isolate was typed with — 
appropriate simian virus antisera. When no identification was made, the { 
agent was givena temporary number, and antiserum against it was prepared for 
use in further cross-neutralization studies. Even though most of these agents 
were not detected until the cultures were 2 or more weeks old, growth on sub- _ 
culture was rapid and the titers generally were above 10-®, This was con- 
sidered to indicate that the contamination in the original culture was of a very 
low order of magnitude, probably representing a single infectious dose. Also, 
the fact that nearly all of these viruses grew to high titer in first subculture 
with relative rapidity suggested that these agents were well adapted to growth 
in monkey tissues. Most of these agents were isolated and classified in this 
manner, 

Since the cytopathogenic effect was used extensively in these studies as a 
means of preliminary grouping or classification, it should be discussed further. _ 
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The primary value of recognizing specific cytopathology lay in the temporary 
exclusion of the presence of poliovirus in safety test cultures and, secondly, in 
its indication of simian virus groups for convenience in typing. It should be 
emphasized that the specific CPE to which we refer, demonstrated in FIGURES 
1 to 5, was characteristic of these agents only when grown in good quality 
trypsinized monkey-kidney cell cultures.2»* The damage produced in other 
types of culture or in substandard monkey-kidney cultures was subject to 
considerable variation from that observed in satisfactory sheets of trypsinized 
monkey-kidney cells. 

CPE Group 1, which was cytopathologically similar to the adenovirus, was 
characterized by rounding of cells, with formation of grapelike clusters that 
remained attached to the glass wall of the tube. Ficure 1 shows the cyto- 
pathology of SVi, which was used as the prototype for the group. F1cuRE 2 
shows SV, in its early stages of cell destruction, at which time it was most 
characteristic. The predominant feature of the CPE of this group was the 
small pleomorphic cells which were of greater density than the surrounding 
normal cells and had discrete cell membranes. SV: was chosen as the proto- 
type for CPE Group 2. Ficure 3 was prepared from a culture infected with 
SV,. This virus and other members of CPE Group 3 produced a granularity 


and slight vacuolization in the cytoplasm of cells that often obliterated the 


nucleus. Infected cells did not become round, but became spindle-shaped or 


SV; in trypsinized monkey-kidney cell cultures. 
This is the prototype for CPE Group 15 * X<150! 


Ficure 2. Cytopathogenic effect of SV2 in trypsinized monkey-kidney cell cultures. 
This is the prototype for CPE Group 2. 150. 
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Ficure 3. Cytopathogenic effect of SV, in trypsinized monkey-ki 
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_ tetained a somewhat normal morphology. As previously described, SV4-in- 
_ fected cells in the late stages of degeneration often were seen floating free in the 
medium except for one long process that remained anchored to the glass. This 
condition, plus the shredded effect produced by the granulation and small 
-_ vacuoles, often appeared to the observer as featherlike, since the cells fluttered 
'__ when the medium was agitated. Frequently the spindle shaped cells reminded 
__ one of trypanosomes. Completely satisfactory photographs of damage caused 
by this virus were difficult to prepare because the cells were lost when the 
medium was removed. 

In FicurEs 4 and 5, the CPE of the 2 members of CPE Group 4 are shown. 
At present this is a miscellaneous group. SVs cytopathology, seen in FIGURE 
4, was characterized by patches of fused or coalesced cells that contained several 


- 
( 
We: 
a 

* 


x nuclei and resembled giant cells. The cytopathology of this virus was quite 
2 similar to that produced by mumps virus and somewhat like that seen in cul- 
__ tures infected with measles virus. The vacuolization or “lacy” appearance of 
_ the latter was seldom observed, however. The article presented by Chanock 
4 elsewhere in these pages suggested a remarkable resemblance between his CA 


virus and SV;. Likewise, the CPE shown and described in this monograph 


Pi 
aa’ 


___ by Brachman for his virus of erythema infectiosum was reminiscent of SVs. 
a The cytopathology of SV, seen in FIGURE 5, was quite similar to that pro- 
a 
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V; in trypsinized monkey-kidney cell cultures. 


FicureE 4. Cytopathogenic effect of S 
"This virus is placed in the miscellaneous CPE Group 4. X150. 
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FicurE 5. Cytopathogenic effect of SVs in trypsinized monkey-kidney cell cultures. 
This virus is placed in the miscellaneous CPE Group 4. X1S0. 


duced by poliovirus in the early stage of infection; however, SV. seldom, if ever, 
completely destroyed the cultures. 

To emphasize the value of recognizing the specific cytopathology involved 
as an aid in identification, the problems encountered in a specific instance are 
related. When this sample was first subcultured, the CPE suggested no 
particular virus or CPE group with which we were familiar. It was, there- 
fore, assayed against poliovirus antisera in routine fashion; TABLE 2 indicates 
the results. We noted that the quantitative evaluation of the extent of cell 
damage in the presence of Type 2 and of trivalent poliovirus antisera was only 
2 plus, whereas 4-plus readings were recorded in the other tubes. The CPE 


observed in the controls and in the anti-Type 1 and 3 tubes was still as vague ~ 


as before; however, the CPE observed in the presence of Type 2 and trivalent 
antisera suggested SV¢ or possibly SV2._ The virus that had grown through the 
trivalent antiserum was retyped against SV.and SVeantisera. As indicated, SV¢ 
was identified, and there was no further evidence of poliovirus. When the 
virus that had grown through Type 2 poliovirus antiserum was assayed against 
SV2 and SV, antisera, the CPE produced in the presence of SV¢ antisera 
suggested a CPE Group 1 virus and resembled neither poliovirus nor SV¢. 
The virus that was- previously passed through both Type 2 poliovirus and 
SV.» antiserum was assayed against sera to the various viruses included in 
CPE Group 1 and SVi5 was identified. When the original virus control was 
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TABLE 3 
TypIcAL Protocol SHOWING SERUM INHIBITION OF SV4 


Tubes 
Antisera 
1 2 

i 0 
Typetl polio. itrac 22 cierto) ieee 4+ 
TyPe.2, POllO-janeins ap mola tireet eter ere 4+ 4+ 
Type’ s DOlidj.s% oie eee ee ee es 0 0 
Trivalent, PollO..-. ee aee ce coe eee 0 a 
SAR ore acme aomaneec Dossy he 0 et 
SVio sdiseioate ea he seas tate niagara eee cre are 0 
Soros ficcsrae Cais eiacane te anh eaten ace 4+ 4+ 


passed through SV¢ antisera, Type 2 poliovirus was clearly identified. This 
sample accordingly contained 3 viruses that could not have been readily sepa- 


rated and identified without benefit of the recognition of the specific CPE that — 


each produced. 

SV., which was isolated most frequently, was the most difficult virus to 
identify serologically. This virus was inhibited by a variety of heterologous 
antisera and by normal sera. Too frequently, this included our poliovirus 
antisera. Therefore, when the virus failed to grow through the sera, it was 
impossible to state that the presence of poliovirus had been serologically ex- 
cluded. The CPE of SV, contrasted sufficiently well with that produced by 
poliovirus to enable the observer generally to be certain that he was not dealing 
with poliovirus. In addition, had poliovirus been present, it would have grown 
readily through the SV, antiserum. ‘TABLE 3 indicates a typical result that 
might have been obtained when serological identification of SV, was at- 
tempted. In some instances, it was necessary to do monkey inoculation to 
prove that poliovirus was not present. More often, however, the final sero- 


logical identification of SV, was generally obtained by repeated assays with — 


higher serum dilutions that were nevertheless still capable of neutralizing 100 
IDso of poliovirus, and by quantitative neutralization tests among members 
of CPE Group 3. 

Over a period of 219 years of observation on the occurrence of these agents, 
a very interesting seasonal variation was noted. TABLE 4 shows their sea- 
sonal distribution. SVs, for example, was first isolated on October 8, 1954, and 
during that month, 4 other isolations of this agent were made. With the ex- 


ception of 1 or 2 isolations in March 1955, this virus was not encountered — 


again until the end of September 1955. During the month of October 1955, 
19 isolations of this agent were made. SV, originally was isolated on Decem- 


ber 7, 1954, and reappeared frequently until May 1955. During this period — 


72 safety tests were contaminated with this agent. From May 1955 until 
January 2, 1956, no further isolations of SV, were made. Between January 2 


and June 1, 1956, 55 safety tests were contaminated with this agent. SVi.was | 


also noted originally during the early months of 1955, but was absent during 
the latter half of that year. It reappeared again in January, F ebruary, and 
May of 1956. During April, May, June, and July of 1955, SVi: and SVj5 were 


a moll 


Ee OY, HRT ATCT PAR Uh CNR E IN 


aN 
SAYS 


saat axe ose SA ae % 


4 
4 
3 
4 


the values of 23 per cent for recover 


Hull & Minner: Isolation and Identification 421 
TABLE 4 
SEASONAL VARIATIONS OF SIMIAN VIRUSES 
Month Viruses prevalent Month Viruses prevalent 

Oe Whe ae SV; ANG! OSES Ga ha oe — 
INOW 1954. cece ess = Septal 959— taekis — 
MECWIISE Se eas ws SV: Oct, 1955S Sees: SV; 
jjbit, aS Sie ecm SV:, SVie Novel OSSyeee ere. — 
ae eee see HOt ae : ae DG 1955 ar nea — 

cores USGS ee eae A Vi, 5Vs,SVie anetO5Oreeee ce SV, SViz, SVi2 
fee 19550. 0 2 Vip SVa Feb. 1956 SV," SViv, SVia 
Wr OSS cs bess ont SV., SVu Mar. 1950% eeetr SVi, SVs, SVie2 
June TOS Se ees ts cts SVu ) SVis Apr. 1OSO neces: SV ’ SViz ’ SVo3 
July, 1955 Cheteiel lament Terk > SVi ; SVis May 1956 eee ery Os SVs ) SVie 


encountered numerous times; however, from July 1955 until the spring of 1956, 
these 2 agents were not isolated. We do no know if these observations re- 
vealed a true seasonal variation or what factors might have contributed to 
these variations. The monkeys used in the preparation of our cultures were 
almost exclusively rhesus monkeys from India; however, both SV and SV¢ 
have been recovered from cynomolgus monkeys trapped in the Philippine 
Islands. It was of interest also to note that samples of virus that we identified 
for other laboratories most often were the same agents that we were isolating 
in our laboratories at the same time. 

The incidence of contamination of cultures with these agents was deter- 
mined by a review of the number of vaccine safety tests involved; however, the 
degree of contamination within each test could not readily be ascertained. 
When pools of 10 to 20 kidneys were used for the preparation of safety-test 
cultures, a contamination rate of 35 per cent was noted during the first 6 
months of 1955. During the last half of 1955, pools of the kidneys from a single 
monkey were used; during this period, an incidence of 23 per cent was obtained. 
During the first 4 months of 1956, when the kidneys from 2 monkeys were 
pooled, 22 per cent of the safety tests were contaminated. Of the agents 
isolated, approximately 50 per cent were SV,, a finding that caused great diffi- 
culty in identification because SV, frequently failed to grow through heterol- 
ogous antisera. It should be re-emphasized from the data on seasonal varia- 
tion that the first half of the year generally provided the greatest number of 
isolations. However, the greatest number of tests were also run during this 
period. The frequency of contamination, that is, 35 per cent from pools of 
10 to 20 kidneys, 23 per cent from the kidneys of a single monkey, and 22 per 
cent from pools of kidneys from 2 monkeys was very difficult to interpret. If 
y from single monkeys or of 22 per cent 
from 2 monkeys were taken as an index, then the pools of 10 to 20 kidneys 
should have given close to 100 per cent isolation instead of the 35 per cent 
noted. Even though these values did not conform to statistical probabilities, 
it was interesting to observe that the 35 per cent rate obtained during the first 
half of 1955, with pools of 10 to 20 kidneys, was apparently reduced to 22 per 
cent during the same period in 1956, when only 4 kidneys were pooled. This 
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22 per cent isolation rate obtained during the first half of 1956 appeared to — 
agree well with the 23 per cent recovery during the last 6 months of 1955, when 
the kidneys of only one monkey were pooled. 

Only fragmentary information is available on the relation of these agents to 
disease in monkeys or man. SVs, originally isolated as a contaminant in © 
monkey-kidney cultures, has since been identified from monkey-stool isolations 
sent to us from 3 other laboratories. Some of these isolations were made from 
animals suffering from diarrhea. SV. was obtained from the stools of a monkey 
in our laboratories that had suffered a severe diarrhea and had died. In 
addition, SVs was recovered twice from histologically normal brains of mon- 
keys, but inclusion bodies were observed in the kidney-tubule cells of these 
animals. Fresh kidney tissue was not available for testing. SVs9 was not 
isolated in our laboratories from kidney cultures; it was originally isolated at 
the Army Medical Service Graduate School from the lung tissue of a monkey 
that had died of a respiratory disease. 

Following an intracerebral inoculation into monkeys, only SViz, SVis, and 
SViz produced disease. Other routes of inoculation failed to do so. All 3 
viruses produced the same type of clinical disease and similar histopathology. 
Extensive necrosis of the choroid plexus was observed, and the specific virus 
type was readily recovered in tissue cultures. Attempts to infect other 
laboratory animals and embryonated eggs were unsuccessful. One sample 
received from M. Hilleman of the Army Medical Service Graduate School, sero- 
logically identical to SVs, was recovered in embryonated eggs that had been 
inoculated with monkey-kidney culture fluids. In addition to the above cor- 
relations of these agents to disease in monkeys, it was noted that the sera from 
normal monkeys occasionally contained high-titer neutralizing antibody to one 
or more of the simian viruses. Animal-inoculation studies are not yet complete 
for agents isolated subsequent to the determination of SVi7. CF and _ neutra- 
lizing antibody to SV; were demonstrated in human sera by Hilleman, by Hueb- 
ner, and in our laboratory. In most instances, the neutralizing antibody titers 
were low. Similar low titers against other simian viruses were observed in 
some of our laboratory workers. Whether these were specific, nonspecific, or 


TABLE 5 
COMPLEMENT-FIXATION Cross REACTIONS 


Rabbit serum titers 


Antigen 

SVi SV2 SV. SVs SVs SVu SViez SVis SVis SVi7 
SA nee soc 1:40 0 0 0 0 1:10 0 1:10 0 
PHA al Che?) ee areas 0 0 0 0 0 0 0 0 
SVAGA2) Mescas: 0 1:10 0 0 0 1:10 0 0 1:10 0 
SVs (1:2) 0 0 0 1:40 | 1:20 0 1:80 | 1:10 | 1:10 0 
SV ander 2 ners ere 0 0 0 0 0 0 0 0 0 
SSVI alec t 1:40 | 0 0 0 OP 1220-070" WLAN be eae 
DV eee 0 0 1:10 | 1:20 0 1:80 | 1:10 | 1:10 0 
SAT CU Dy ae 1:10 0 0 0 0 1:80 0 1:80 0 1:40 
Vet Ce £2) con eee. 0 0 0 0 0 0 0 0 0 0 
SVir (Wed): oaks. 0 0 0 0 0 0 0 0 0 0 
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laboratory acquired was not determined. Of the first 8 agents, only SViu 
was neutralized by human y-globulin. 

Previous work has shown very little crossing among members of this group 
of agents in serum-neutralization tests. Preliminary studies of their interrela- 
tionships as demonstrated by the Bengtson* complement-fixation test have 
been completed. The results obtained are summarized in TABLES. SVz2, 
SVe, SVie, and SVi7 appeared not to contain complement-fixing antigens. 
Fair correlation was noted between the groups that cross reacted, or failed to 
react, and their classification in the CPE groups. This was especially true of 
the Group 1 viruses and, to a lesser extent, of the Group 3 agents. It also 
appeared by CF that SV; might be related to the Group 3 viruses. 

Hemagglutinins to rhesus monkey, chicken, human, and sheep erythrocytes 
were detected in varying titers in several of these viruses. Further data on 
the hemagglutination and complement-fixation reactions will be presented at 
a later date. 

For the last year or more we have been functioning somewhat as a central 
typing and stock-culture laboratory for viruses isolated from monkey tissues. 
A number of individuals and other laboratories have cooperated admirably in 
helping in the identification and classification of these agents. Thus far, with 
this cooperation, a fairly good systematic handling of new simian viruses has 
been established. Since the importance of these agents to investigators em- 


es ploying primary monkey-tissue cultures is becoming more evident each day, 
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it is hoped that in the near future some independent laboratory can take over 
the work that we have been doing. Such a development, we feel, will help 
to prevent large-scale confusion in this field. 
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Addendum 


Since the preparation of this article, 2 additional agents, SV2; and SV27, have 
been added to CPE Group 1; a single agent, SV2s, to Group 3; and 2 agents, 
SVo5 and SVo , to group 4. In addition, SVa , which was isolated bye aba ta 
has been demonstrated by him to be a free-living amoeba; this has been con- 


firmed in our laboratory. 
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DISCUSSION: PART IV 


~ R. Walter Schlesinger, Chairman 
St. Louis University Medical School, St. Louis, Mo. 


Josern E. Smavet (National Institutes of Health, Public Health Service, De- 


partment of Health, Education, and Welfare, Bethesda, Md.): To recapitulate, 
the preceding papers are concerned with the problem of the etiological relation- 
ship of some of the newly recognized viruses to certain diseases. In the present 
section, the various contributors have concentrated on methods for isolating 
and identifying such viral agents. The 2 subjects are related, but in the process 
of identifying and classifying agents we need not necessarily be concerned with 
their possible ability to produce disease in man. 

Melnick’s outline of the proposed procedures for use in the identification of 
the newly recognized viruses is entirely sound. The main point he made 
concerned the application of the principles that have been developed in diag- 
nostic virology over a number of decades to problems that have arisen when 
new agents and new techniques were studied. The tissue-culture methodology 
he discussed is only now coming into general use in diagnostic virology. This 
approach has enabled investigators to make major contributions, and the end 
is not yet in sight. Similar significant advances in virology have been made 
during the past 25 years as the white mouse, the embryonated egg and, more 
recently, the suckling mouse have come into use as diagnostic tools. Each of 
these advances has been accompanied by numerous changes in detailed pro- 
cedures, but the changes still are within the accepted principles of diagnostic 
virology. 

I am sure that many of Melnick’s colleagues attempt to isolate and identify 
the ECHO viruses in ways somewhat different from the one he has suggested. 
Moreover, such individualized approaches will continue. Despite this, I have 
been surprised at the close similarity of the methods employed by different 
laboratories. Perhaps this similarity is really a reflection of general satisfac- 
tion with the tissue-culture methods developed only a few years ago in studies 


on poliomyelitis and the general applicability of these methods to the ECHO ~ 


viruses. 


One new complication has been brought to our attention by observations i 
such as those presented by Melnick and Hammon elsewhere in these pages; — 


namely, the recovery of more than one agent from a tissue culture inoculated 
with a single specimen. This experience is common among bacteriologists who 
also employ a medium with a broad capacity for the growth of pathogens. 
However, until now most of the hosts inoculated in attempts to isolate viruses 
have yielded only one agent because the host was chosen for its selective ca- 
pacity for supporting the growth of a single agent. Indeed, much of the art 
of diagnostic isolation was concerned with the proper selection of hosts for 
inoculation with clinical materials. 

The main problem facing us will be solved not in the well-organized research 
laboratory, but in the small virus-diagnostic laboratory which, at the present 
time, is neither oriented toward the identification of the newly recognized 


agents nor is equipped for this technique. How much work should the latter _ 
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type of laboratory do on an isolate? Is it sufficient to show that the cyto- 
pathogenic agent is not neutralized by any of the 3 types of polio antisera, and 
that it does not cause obvious disease in the common laboratory hosts? This 
may be as far as the original laboratory can go in the identification, but the 
matter should not rest there. The agent should be placed in its proper group 
and, if possible, defined as to type. For the time being, such definitive pro- 
cedures for identification must be performed in the research laboratory on 


_ materials referred to it by the diagnostic laboratory. The research labora- 


tories cannot be asked to assume this burden indefinitely. Means must be 
found to create a central laboratory to furnish such identification service and 
to provide selected typing sera for those who need them. How this can be 
accomplished remains to be determined, but I am confident that it can be done. 

Ginsberg and Ackermann are to be congratulated on their fundamental 
observations and on their attempt to probe some of the basic mechanisms of 
immunity and infection. Obviously, both of these investigators were con- 
cerned with theory and philosophy, as well as with factual observation. This 


is commendable, since it is time for the virologist who deals with mammalian 


agents to begin to participate in the speculation that seems to have been 


restricted essentially to those who have worked with phage. 
I have been particularly interested in Ackermann’s amalgamation of infor- 


~ mation on different means for obtaining virostasis in infected tissue-culture 
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~ cells; namely, by the use of chemotherapeutic agents (he called them metabolic 


antagonists), deficient media, and immune sera. With each method one could 
maintain a balance in which the virus and the host cell continued to co-exist 
in something approaching a symbiotic state. A similar phenomenon of viro- 
stasis in hibernating bats infected with one of the arthropod-borne encephalitis 
viruses was described at the meeting of the immunologists this spring by E. C. 
Corristan and his associates.1_ The progress of infection was interrupted when 
artificial hibernation was induced in these small mammals, but it resumed its 
usual course when the bats were returned to a normal state of activity. 

Hull and his co-workers deserve a word of encouragement. They stand by 
themselves, carrying the entire burden. of delineating a large new group of 
agents, the simian viruses. It is clear to Hull, as it is to the other contributors 
to this monograph, that much more detailed examination of these agents will 
be necessary before he can say with assurance that any given virus is unrelated, 
either closely or distantly, to one of the well-recognized pathogens. However, 


4 it is well to recall both the need for work on simian viruses and the immediate 


objectives of such study. These agents were encountered, for the most part, 
as contaminants in monkey kidneys used in tissue cultures for performing 
safety tests on commercially produced. polio vaccine, and it was imperative 
that these strains be clearly differentiated from polioviruses. Such differentia- 
tion has been accomplished by serologic, antigenic, and cytopathogenic means. 
Now that the problems of making and testing polio vaccine are almost solved, 
it may be possible for Hull to return to a study of the relation of each of the 
simian viruses to other agents. 
Reference 
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Tuomas H. WELLER (Harvard School of Public Health, Boston, Mass.): Let 
me begin with a few remarks regarding the preceding presentations. Natu- 
rally, I was much interested in Melnick’s comments regarding the variable 
sensitivity of different monkey-kidney tissues for viral isolation because, for 
some time, we have expressed the view that we should not assume that differ- 
ent tissues have equal sensitivities. Failure to isolate virus from a material 
by in vitro procedures does not necessarily indicate that virus is not present. 
In other words, it is obvious that technical considerations, including the choice 
of the tissue substrate, may determine the results. 

Ginsberg’s studies were superlative. I am a little hesitant, perhaps, to 
accept the concept that, because a virus attaches slowly or dissociates slowly 
in vitro, the same relationship may carry over into humansoranimals. Varicella 
is an extreme example of the phenomenon that Ginsberg demonstrated, but we 
cannot say that this agent has a low order of infectivity. 

In regard to Hull’s paper, I had the opportunity of reading it prior to its 
publication here. At that time, I was disturbed by the statement that he had 
difficulty passing the “foamy” virus, because that has not been the experience 
in many laboratories. However, after having seen the figures that illustrate 
his paper, I wonder if Hull and I are not talking about completely different 
things. What he has labeled “foamy” virus may be a degenerative phe- 
nomenon not infrequently seen, and perhaps it is not associated with a virus. 
What some of us call “foamy” virus may be identical with his SV; agent. 

The work thus far presented in this publication has certainly established 
the fact that virology is in a state of rapid evolution, a stage chaotic for the 
uninitiated and only slightly less confusing to the experienced. One can 
visualize a period of mass editorial confusion as, in the publication of new 
works on virology, the term ECHO 6 is replaced by ECHO 6’, or vice versa. 

Elsewhere in these pages Dalldorf has shown some surprise over the fact 
that his early observations and conclusions regarding the Coxsackie viruses 
have stood the test of time with remarkably little modification. Collectively, 
we shall indeed be fortunate if, 8 years from now, we shall be able to make 
similar statements regarding work now in progress. The pitfalls are numerous 
and uncharted. Time will permit only brief comment on certain other points 
raised in the papers that have appeared earlier in this monograph. 

It has been emphasized that we are working with a biological system, in 
this instance usually the monkey cell or the human cell, maintained under 
conditions that allow the introduction of extraneous agents into the culture 
system. The living cell, regardless of type, must be considered as a potential 
source of “masked” or contaminating virus. The elucidation of the so-called 

SV agents,” first brought to our attention by Rustigian'-and developed with 
an immense contribution of effort by Hull and his associates, is illustrative of 
this point. Naturally, emphasis has been placed on monkey-kidney agents, 
and Hull noted the increasing frequency with which such agents were isolated 
in cultures maintained for 2 to 3 weeks. It is important to realize that the 
incidence would have been even higher if such cultures had been maintained 
. 4 weeks, 5 weeks, or for longer periods of time. In our own experience, 

oamy”’ virus has, on occasion, first appeared after incubation periods of 1 or 
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2 months. It is also important to realize that these so-called monkey agents 
are not confined to monkey-kidney tissue. For instance, from cultures of 
monkey testicular tissue we have isolated a cytopathic agent that appeared to 
be the same as the kidney “foamy” virus. Both the kidney and the testicular 
strains were cytopathogenic when transferred to human foreskin cultures. 
The adenovirus group (formerly known as the APC group), is certainly the 
outstanding example to date of viral latency in the human, yet it would seem 
that the list may increase rapidly. Working at the other end of the body with 
cultures of human foreskin tissue, we have isolated frequently an agent that 
gives a focal cytopathogenicity that originally occurs late, after 30 or more 
days of cultivation. This agent characteristically leaves little masses of de- 
generated nuclei yet, on passage, develops rapidly and, instead of taking 30 
days to appear, does so in 4 to 6 days. As yet, no definitive statement may 
be permitted regarding the source of this agent. 

Also, as we work with a multiplicity of agents, we must give more thought 
to the possibility of accidental contamination of cultures in the laboratory. In 
our own small-scale operation, we have recently encountered another wild 
agent in control cultures and in inoculated cultures of human foreskin tissues. 
Neva has done considerable work on this virus and, through the courtesy of 
Huebner and his group, it has been identified as an adenovirus Type 2. Whence 
did it come? Whether from within the system or without we are not quite 
sure. 

I shall now turn briefly to an aspect of a broad problem that Smadel has 
discussed. We are slowly building up a sizable investment in personnel and 
equipment devoted to investigations on viruses by in vitro techniques. We 
have accumulated a huge number of agents, and the field is becoming ever 
more complex. It is obvious that there is need for standardization of methods 
and for some mechanism whereby materials for viral identification may be 
made available generally. Individual soul-searching is indicated regarding 
decisions as to the most efficient manner of utilizing in vitro facilities in the 
small laboratory. Much waste effort, for example, would accompany a pro- 
gram of random attempts at viral isolation. It is reassuring to learn that 
steps are being taken to provide, at an international level, for the standardiza- 
tion of diagnostic materials. Such a program deserves general support, both 
to assure efficient utilization of existing facilities and to minimize the very real 
danger that our imperfect knowledge may lead some of us to conclusions that 
may prove invalid with the passage of time. 
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F. S. CHEEVER (Graduate School of Public Health, University of Pittsburgh, 


Pittsburgh, Pa.): As mentioned by Hull, W. R. Hoffert and I have isolated a 


number of viral agents from the gastrointestinal discharges of monkeys. This 
work has been part of a larger study aimed to determine what role, if any, viral 
agents play in the pathogenesis of diarrheal disease of primates, with particular 
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TABLE 1 
FREQUENCY OF ISOLATION OF PRoTOTYPE AGENTS 


Diarrheal monkeys Nondiarrheal monkeys 
Type 
No. Per cent No. Per cent 
BN i Rae RE Te Sei AehS e 19 17 1 5 
IM TOS Peer. a. att stent cca eater te 4 0 _ 
MISE WE HC eS Sees eee 14 12 5 28 
M9s8e M198) 02 etd meee ee 3 0 = 
MG GceMITO tee oy steutde cece ieee 8 Z 0 mS 
MO" Mi10s ec MiT9t ee. ee 3 3 0 — 
Mi19s) & Mi9tee ee ee PR ee 42 37 6 33 
Other types) sn. ci ceaeom baer 7 6 3 17 
Other combinations.............. 5 4 0 — 
Nontypable:2? #9 tie bee ete 8 7 3 17 
Whe) ee sn Se 115 100 18 100 


reference to bacillary dysentery. As regards the study of human cases, the 
number of virus isolations has been low: 63 cases of proved or presumed bacil- 
lary dysentery have yielded 5 agents. Of these 5 agents, 2 have been identified 
as Coxsackie Type A10 and 1 as poliomyelitis virus Type 1; 2 remain unidenti- 
fied. Although these give cytopathogenic effects resembling those produced 
by the ECHO group of agents, no immunological relationships have been 
demonstrated between them and ECHO Types 1 through 13 or the 3 recog- 
nized types of poliomyelitis virus. 

Monkeys suffering from diarrheal disease have yielded a large number of 
viral agents. Of 176 specimens obtained from the same number of monkeys 
suffering from diarrhea (many of them excreting dysentery bacilli), 151 (86 
per cent) have yielded viral agents when tested by tissue-culture and suckling- 
mouse inoculation. We have attempted to identify 115 of these. In addition, 
19 “healthy” Shigella-free monkeys have yielded 18 agents, all of which have 
been studied. The results are given in TABLE 1. Three antigenically distinct 
types of virus (M9, M19s, and M19t) have been isolated with a fair degree of 


TABLE 2 
RELATIONSHIP OF PROTOTYPE VIRUSES TO OTHER AGENTS 


Type Relationship 

M9 SV2 
M12 SV20 

Adenovirus Group by CF test 
M19s* Vio 
M19t SVs 
M25 Adenovirus Group by CF test 
OM83 Adenovirus Group by CF test 
OM86 Adenovirus Group by CF test 
OM98 : Adenovirus Group by CF test 


ei na PEE 
; ma demonstrable relationship to poliovirus Types 1, 2, 3, virus B, herpes, Coxsackie Group, and ECHO Types 
bd Pathogenic for suckling mice and hamsters, 
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frequency, and 6 additional types have been isolated more rarely. Many 
specimens have yielded 2 or more agents; M19s and M19t constitute the most 
frequent and confusing combination. These 2 types were separated on the 
basis of suckling-mouse pathogenicity and cross-absorption tests. 

Due to the kindness of Hull, Rowe, Hammon, Ludwig, Hummeler, Melnick, 
Lewis, and others, we have had the opportunity to compare these agents to 
certain known viral agents. The results are summarized in TABLE 2. 

Types 9 and 19t appear to be identical with Hull’s Types SV2 and SVe, 
respectively. He has assigned the provisional designation SViy to our M19s. 
This agent is the only one that is pathogenic for suckling mice; it produces 
myositis affecting the skeletal muscles and, to a lesser extent, the myocardium. 
Only occasionally are lesions found in the fat pads, while the central nervous 
system and abdominal viscera are apparently spared. No relationship to the 
commoner Group A agents or to any of the Group B viruses has been demon- 
strated; we are indebted to Hummeler for carrying out these tests. Hull has 
assigned the provisional designation SV. to another of our agents, that is, 
M12, which has been isolated on several occasions. 

Five of our agents have been shown by Gladys E. Sather (working in Ham- 
mon’s laboratory) to contain the adenovirus group antigen, as demonstrated 
by the complement-fixation test. These results have been confirmed by Rowe, 
who has informed us that at least 1 (M25) of the 5 is probably a new type in 
that it is not neutralized by any of the antisera made against the currently 
recognized prototypes. Further studies on these agents are being carried out 
in his laboratory. 

As noted at the bottom of TABLE 2 we have failed to demonstrate any rela- 
tionship between these agents and the following viruses: poliomyelitis Types 
1, 2, and 3, herpes febrilis, virus B, and ECHO Group Types 1 through 13. 
It is possible that M19s is related to the Coxsackie group of agents; as yet we 
have been unable to propagate any of the other agents in suckling mice in 
spite of blind passage. When pooled human y-globulin was tested in a 1:20 
dilution against these agents, no neutralizing effect could be demonstrated. 

Finally, it should be pointed out that as yet we have failed to demonstrate 
that any of these agents plays a significant role in the etiology of the diarrheal 


disease observed. 


Part V. Criteria for Etiologic Association of Prevalent Viruses with 
Prevalent Diseases 


THE VIROLOGIST’S DILEMMA 


By Robert J. Huebner 


National Institute of Allergy and Infectious Diseases, National Institutes of Health, Public 
Health Service, Department of Health, Education, and Welfare, Bethesda, Md. 


It seems hardly necessary to belabor the point that the diagnosis of “virus 
infection” has become one of the most popular means of expressing current 
medical opinion (or ignorance) about what ails patients suffering from common 
minor illnesses. Obligingly enough, laboratory reports of new and prevalent 
viruses have become so numerous that a full-time virologist finds it difficult 
to keep track of all of them. New techniques, developed to a high degree of 
efficiency in the last few years, have reduced the isolation of new human and 
animal viruses from a technological feat of high order to an almost exasperat- 
ingly commonplace occurrence. 

Thus, it would seem that the diagnostic acumen of the clinician and the skill 
of the virologist are steadily moving together toward a solution of some of the 
most common and vexing of human medical problems. Unfortunately, if this 
be true, and I think in a certain sense it is, this is far from being clearly appar- 
ent, for it is quite obvious that the clinician seldom if ever knows that the ill- 
ness he describes actually is caused by a virus or, if so, what virus is implicated. 
Similarly, the virologist reporting new and prevalent agents very often has 
only slightly more information and, usually, no greater certainty about the 
clinical behavior and importance of his viruses than does the clinician. 

Immature rodents such as suckling mice and, more recently, the spectacular 
development of tissue-culture techniques have provided comparatively new 
laboratory methods for demonstrating viruses that, technically speaking, are 
not much more difficult to apply than those commonly used to demonstrate 
bacteria. Consequently, more and more “microbe hunters” have been spend- 
ing more and more time seeking viruses. 

As a result of the extensive search for new agents in respiratory secretions 
and fecal contents, it is now possible to speak glibly of at least 50 new viruses 
of man. Many of these agents, falling mostly within the Coxsackie, ECHO, 
and adenovirus (formerly known as the APC) families, are considered at some 
length in this publication. More new agents are on the horizon. Untyped 
agents by the hundreds are accumulating in iceboxes in virus laboratories far 
more rapidly than they can be characterized and classified—almost, I am sorry 
to say, more rapidly than they can be reported. These are not new agents, 
but newly recognized agents that have long been, and are now, extremely 
prevalent. It is probable that man represents the principal, and perhaps the 
only, natural host for most of these agents. Furthermore, like poliomyelitis, 
influenza, and many bacteria, these agents are readily spread from person to 
person by means of ordinary household and community contacts. Although 
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evidence of high order would appear to establish that some of these agents 
cause human disease, such evidence is not as yet available for most of them. 

This incredible emergence of numerous prevalent viruses provides, of course, 
almost unlimited new opportunities for studying the undifferentiated d un- 
solved diseases of man; these opportunities have implications applicable to 
both chronic and acute illness. On the other hand, the technical difficulties 
that have also emerged are no less impressive. That they are truly enormous 
has been amply illustrated by the work reported in this monograph. These 
difficulties must be resolved, chiefly because of an even greater problem; 
namely, the necessity for determining the importance of these agents in human 
disease. 


Prevalence, Persistence, and Multiple Infections 


+ It has become quite obvious that the isolation of a viral agent having a 
temporal relation to a disease process, while of value and, of course, necessary 
for the purpose of establishing it as an etiologic agent represents, by its mere 
presence in a human specimen, evidence of very low order for the purpose of 
proving this critical point. In addition to many opportunities for spurious 
etiologic associations provided by the simple chance occurrence of numerous 
ubiquitous and prevalent viruses, some representatives of these agents are 
demonstrably persistent in the human host for weeks or months, particularly 
in stool specimens, and simultaneous multiple viral infections are extremely 
common. At the National Institutes of Health we have observed human in- 
fections with some Coxsackies, ECHO’s, and adenoviruses that persisted for 
long periods—some for more than 2 months. Whether or not the persistence 
of such agents represents evidence of chronic infection, a simple carrier state, 
or reactivation of latent infections cannot be determined at this time. In any 
case, such behavior on the part of so many different prevalent viruses guaran- 
tees the frequent occurrence of simultaneous multiple infections, in which case 
one or more of the viruses would have little or nothing to do with any illness 
observed. It often happens, under such circumstances, that the wrong agent 
is isolated first. Indeed, it is possible, as we have reported, frequently to 
isolate the wrong Coxsackie virus (in Group A) from an illness really caused by 
another Coxsackie virus (in Group B). ; 

Another and more recent example of such diagnostic confusion is the follow- 
ng: 
We think it is rather well established that pharyngoconjunctival fever is 
caused by adenoviruses, particularly by Types: Studies in volunteers, as 
well as numerous outbreaks in many areas, confirm this hypothesis. Several 
outbreaks of this rather well-defined specific disease entity occurred recently 
in an orphanage nursery in the metropolitan Washington, D.C. area; each epi- 
sode was associated with the presence of Type 3 adenovirus in the eye and 
throat secretions of most patients. During one outbreak involving approxi- 
mately 30 infants, anal swab specimens of a large proportion of these cases 
yielded, in monkey-kidney tissue cultures, an ECHO-like virus that is yet to 
be typed definitively. On only 2 occasions did anal swabs also yield Type 3 
adenoviruses. One can imagine, however, what might have occurred at another 
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time and place, when all virus sampling might have been confined to tests of 
anal swabs taken only during the outbreak, in monkey-kidney tissue cultures. 
Not only would there have been a high degree of simple association of this 
ECHO-like virus with pharyngoconjunctival fever but, compared to the iso- 
lation of adenoviruses from anal swabs, the much higher isolation rate of 
ECHO-like agents would have given the appearance of a very significant dif- 
ference. Fortunately, the orphanage population was under constant surveil- 
lance before and after the outbreak, thus providing evidence that most ECHO 
isolations had been acquired before the outbreak of pharyngoconjunctival fever 
and were merely carried over into the period of the outbreak. In this connec- 
tion, I cannot help but remark how such a hypothetical but alarmingly realistic 
circumstance resembles some reports of similar but single-specimen studies of 
‘“nonparalytic poliomyelitis cases” in which certain types of Coxsackie or ECHO 
viruses are found to occur more frequently than poliovirus or, for that matter, 
than other types of Coxsackie and ECHO viruses, data that are often offered 
in support of the hypothesis that the agent isolated was causally related to the 
illness. 


A Comment on Viral Flora 


Despite the fact that most reports have stressed the relationship of these 
agents to states of illness, it has gradually become evident that the prevalent 
Coxsackie, ECHO, and adenoviruses may occur also in apparently healthy 
persons. It is equally evident that none of these agents discriminates against 
persons with illness, where their associations with states of illness often can be 
expected to be due to chance occurrence, just as we presume is the case when 
they are found in states of apparent good health. 

Although there are innumerable reports of associations of these agents with 
prevalent illnesses, to my knowledge no one has reported a virus responsible 
for good health. Actually, we were tempted to do so when, during weekly rou- 
tine surveys of the Washington, D.C. orphanage nursery, we found that the 
period encompassing most of September 1955 was characterized by an “at- 
tack” of good health: a quite uncharacteristic state of affairs that was associ- 
ated with the occurrence of an ECHO-like virus in 100 per cent of the 43 in- 
fants; this virus, or a similar one, was isolated on at least 90 occasions. We 
were constrained, however, from doing so, by our experiences in several subse- 
quent months, when the same agent appeared to be almost as prevalent, if 
not quite so, as during the “epidemic” of good health. By this time, however, 
the nursery had returned to its normal and most characteristic situation, show- 
ing high weekly rates of febrile illness. To describe this interesting population 
further, I might merely list our experiences during one of our more normal 
(average) months, April 1956. At that time there were 50 children in the 
nursery. Daily observations revealed 42 bouts of fever (temperature of 101° F. 
or higher) in 39 of the 50 children. A throat swab was taken from each child 
on each of 4 Wednesdays during April. Of approximately 200 throat swabs, 
168 were satisfactorily tested in HeLa cells. Nineteen adenoviruses, 5 ECHO- 
like viruses, and a single unidentified virus were recovered from separate pa- 
tients. In 123 satisfactory tests of anal swabs, the specimens from 8 children 
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yielded adenoviruses; 40 children showed infection with an ECHO-like virus; 
and 1 person yielded an unidentified agent. Thus, showing a necessarily close 
association with the 42 bouts of fever, we isolated no less than 27 adenovirus 
agents of various types, 45 ECHO-like agents as yet not classified, and 2 com- 
pletely unidentified agents. This was a slow month! 

Our studies of the occurrence of Coxsackie viruses several years ago supple- 
ment the later findings in the nursery in that they also showed high prevalence 
of Coxsackie viruses, particularly those of Type A. Extensive studies of this 
group of viruses involving thousands of persons revealed that ostensibly healthy 
persons were frequently infected, as were persons who were admitted to hospital 
dispensaries or wards with various types of illness. In this connection, I 
should mention again the study carried out in collaboration with Robert Par- 
rott and the Research Foundation of the Children’s Hospital in Washington, 
D:C., on the hospital as a factor in determining the occurrence of Coxsackie 
viruses. 


The Hospital as a Factor in Dispensing Prevalent Viruses 


The survey was made between July and October 1952. Anal swabs were 
taken on randomly selected dispensary patients and sick children admitted 
to wards. Anal swabs were taken from the ward patients regularly within 24 
to 48 hours of admission and subsequently at 5-day intervals after admission. 
Nearly 10 per cent of the dispensary patients were found to have 1 of 5 dif- 
ferent types of Group A Coxsackie viruses. Nearly 10 per cent of ward cases 
were also found to harbor 1 of 6 different types at some time during their stay. 
It is of interest that, of 149 specimens taken at admission, only 6.7 per cent were 
positive. Of 135 specimens taken between 5 and 14 days after admission, 6 
per cent were positive. However, specimens from 30 persons taken 15 or more 
days after admission showed that one third were now positive. Thus, this 
longitudinal follow-up of hospitalized patients suggested that, as is true of 
the household and the community, the hospital may represent a center of 
spread. This is a consideration of the greatest importance in assessing the 
significance of viral associations with illness in hospitalized patients, what- 
ever the clinical entity under study may be. 

Thus, our increasing proficiency in demonstrating viruses has produced a dis- 
concerting but not entirely unwelcome paradox—the spectacle of new informa- 
tion leading to confusion. This is anything but a new predicament. More 
than 60 years ago, bacteriologists applying newly found tools in the search for 
microbes were faced with the same problem—they suddenly found all sorts of 


- pacterial agents in man, on him, and all around him. This situation in 1891 


led Robert Koch to suggest that certain rules, if followed, would be helpful in 
determining the etiologic role of a potential pathogen. ‘These are quoted by 
Frobisher! as follows: 
“(1) The organism must be associated with all cases of a given disease and 
in logical pathological relationship to the disease and its symptoms and lesions. 
(2) It must be isolated from victims of the disease in pure culture, 
“<(3) When the pure culture is inoculated into susceptible animals or man, 


it must reproduce the disease. 
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(4) It must be isolated in pure culture from such experimental infections.” 
These postulates, although sometimes restrictive and occasionally impossible 
to satisfy, had a salutary effect in that they tended to eliminate a great deal 
of nonsensical effort and fruitless speculation about the possible pathogenic 
activity of innumerable saprophytes. They still have application although, 
of course, Koch knew little or nothing about prevalent viruses. In 1937 


Rivers? suggested a revision of the postulates so that they might be applied to 


viruses. Frobisher! gives these as ‘‘Rivers’ Postulates in Viral Diseases’’: 

“(1) The virus must be present in the host cells showing the specific lesions, 
at the time of the disease, or in the blood or other body fluids. 

(2) Filtrates of the infectious material (blood, et cetera, or tissue triturates), 
shown not to contain bacteria or other visible or cultivable organisms, must 
produce the disease or its counterpart in appropriate animals or plants. 

“(3) Similar filtrates from such animals or plants must transmit the disease. 

“(4) Immunological and histological studies should confirm the specificity 
and identity of the diseases caused, but this is not always possible.” 

In the brief years since Rivers’ excellent suggestions, the science of virology 
has moved on apace in many directions. It is now becoming increasingly ob- 
vious, with respect to pathogenicity, that the majority of human viruses, par- 
ticularly those that are only now being found and that are responsible for 
so-called “‘minor illnesses,”’ are far too discreet to be caught in the act, so to 
speak, by producing fatal illness and thus making available human autopsy 
tissue for histologic and etiologic studies; moreover, they are also difficult to 
demonstrate in the blood stream. Furthermore, they seldom if ever produce 


“specific”? lesions or definite cellular inclusion bodies. Thus the very first - 


requirement of Rivers’ postulates can seldom be fulfilled with respect to these 
agents. Furthermore, their wide dissemination, great prevalence, and numer- 
ous immunologic types, plus the ease with which they are demonstrated, makes 
it certain that the modern virus hunter, in his ceaseless, wide-ranging search 
for specimens, cannot fail to find them. Since he often tends to confine his 
observations to persons with illness, these agents are found, as they frequently 
must be, in highly suspicious circumstances. Clearly, something in addition 
to available postulates are needed, in order to help establish the etiologic im- 
portance of the prevalent viruses so often found in relation to prevalent ill- 
nesses. There is no question that the spirit of Koch’s or Rivers’ postulates, 
applied in conjunction with proper epidemiologic studies of the occurrence of 
these agents, represents one of the best ways out of the dilemma, and this 
may be all I need to say. However, in my experience, simple exhortations 
seldom accomplish much, and they are not necessarily very helpful when one 
has one or more apparently ‘“‘new” viruses on his hands. ~ Therefore, I have 
presumed to make a list of suggestions, most of which are not new and most 
of which are fully stated or implied in Koch’s and Rivers’ postulates. Per- 
haps a list of them, to apply a legal concept in an area of scientific research 
could be called a “Bill of Rights for Prevalent Viruses” comprising a guarantee 
against the imputation of guilt by simple association just as, in the political 
arena, the reaffirmation of such a principle periodically seems to be necessary. 
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In order that a virus be regarded as an established cause of a specific human 
illness, the following conditions seem to be necessary: 

(1) Virus as “real” entity. In order to be considered at all, a virus should 
be well established on animal or tissue-culture passage in the laboratory. It 
is not too much to ask of a virus that it should be real—tangible enough to 
describe and hardy enough to stand a trip to other laboratories—and, perhaps, 
even to be a candidate for the American Type Culture Collection in Washing- 
ton, D.C. 

(2) Origin of virus. The virus must originate in the human specimens under 
study and must be shown by repeated isolation to be present therein and not 
in the experimental animals, cells, or media employed to growit. This may 
seem an idle suggestion, yet the literature is replete with examples of such 
misadventures. 

* (3) Antibody response. The agent, when recovered from a human source, 
should be shown regularly to produce an active infection as revealed by an 
increase in neutralizing or other serologically demonstrable antibodies. 

(4) Characterization and comparison with known agents. The virus should be 
characterized early, so that comparisons can be made as promptly as possible 
with other agents already described or soon to be discovered. Host or host- 
cell ranges, pathologic lesions, types of cytopathogenic effects, measurements 
of size, susceptibility to inactivation by heat and chemicals, all are important 
attributes. Perhaps of more importance are immunologic characterizations 
and comparisons. Except when it is absolutely impossible to make such a 
determination, there would seem to be little excuse for reporting potential new 
agents without first making a real attempt to determine their immunologic 
relationships to previously described agents that appear to be similar to the 
“new” agent. ws 

(5) Constant association with specific illness. If the disease in question is a 
well-defined and recognizable entity, the agent should be constantly associated 
therewith. If tissues of the host are available at a suitable time during the 
course of the illness, the agent should be found in the diseased areas. However, 
by definition, opportunities for accomplishing the latter are seldom available 
with respect to prevalent nonfatal illnesses. ; 

(6) Studies with human volunteers. If human beings are inoculated with a 
newly recognized agent, in “double-blind” studies the agent should reproduce 
a clinical syndrome consistent with that observed in the naturally occurring 
illnesses with which the agent is linked. The applicability and limitations of 
studies with volunteers must be fully considered, and proper adjustments must 
be made for the subjective impressions produced in both observers and sub- 
jects. This is, of course, of the utmost importance when studying poorly de- 
fined minor illnesses that are, nevertheless, familiar to all observers and sub- 
jects from bitter and well-remembered personal experiences. 

(7) Epidemiologic studies. Carefully conceived epidemiologic studies co-ordi- 
nated with adequate laboratory and clinical observations are indispensable for 
the purpose of finally establishing the etiologic role of highly prevalent viruses 
in human disease. ‘Two types of studies are generally employed: 
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“Cross-section” type studies. Cross-sectional studies of epidemic or high- 
prevalence occurrence are most commonly reported. Surveys for virus infec- 
tions among ill persons only, however intensive and however well they are 
supplemented by clinical observations, will seldom provide data suitable for 
more than the development of a hypothesis. Suitable tests of a hypothesis 
and its final establishment depend on the acquisition of data of a high order 
that usually can be provided only by properly designed epidemiologic studies. 

It is not, of course, an easy matter to mount co-ordinated field and labora- 
tory studies of outbreaks of any disease of comparatively short duration, which 
is generally the case in the common undifferentiated viral diseases. It is not 
my intention to describe the ideal epidemiologic study, even if there were such 
a thing, except perhaps to say that epidemiologic, clinical, and laboratory sur- 
veillance should embrace not only cases of definite illness, but cases of indefinite 
illness, of well persons having close contact with ill persons, and of persons with 
less-intensive contact, as well as adequate numbers of comparable persons who 
have not had any contacts. Clinical records, specimens collected, and labora- 
tory tests must be adequate and must be carried out in a standardized fashion 
so as to eliminate sampling errors and bias as much as possible. 

Of course, cross-sectional studies of outbreaks are not always available or 
applicable. Many viruses do not or cannot produce epidemics, chiefly be- 
cause of high endemic infection rates and the consequent lack of susceptibles 
in available populations. The behavior and role in disease of some of the most 
common viruses cannot, therefore, be examined in cross-sectional studies of 
epidemics. 

Longitudinal studies. Longitudinal studies of community or institutional 
groups are, of course, a well-recognized and extensively used epidemiologic 
method. There are limitations of time and space imposed by the arbitrary 
selection of certain populations. Furthermore, if a stable community popula- 
tion is selected, the patterns of infection and disease will, of necessity, differ 
from those characterizing a newly opened residential community—a very 
common phenomenon in modern suburbia. Institutional populations, on the 
other hand, provide highly select groups that are suitable for very special 
purposes. 

The application of long-term follow-up studies on the role of prevalent viruses 
in disease is of special value because it is possible to anticipate, even to predict, 
the rates of occurrence of many viral agents. It is one thing to find a highly 
prevalent virus with some frequency in assorted stools and throat washings 


acquired from hospital wards or clinics, and quite another thing to observe the 


same virus enter a community and involve persons under circumstances where 
they and virtually all their contacts have been, for some time previously, under 
the constant surveillance of a well-planned longitudinal study. There can be 
little question, when sets of observations are at variance with other types of 
studies, as to which set should receive the greatest credence. For instance, to 
mention again our experience at the National Institutes of Health, several 
years’ study of Coxsackie viruses, including examination of thousands of speci- 
mens obtained in cross-sectional surveys in hospital populations, showed that 
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the highly prevalent Group A Coxsackie viruses could be demonstrated with 
apparently equal facility, regardless of whether the children involved were suf- 
fering from diarrheas, nutritional difficulties, various surgical complaints, 
congenital anomalies or, of course, poliomyelitis—a highly interesting set of 
observations at the time, but mostly useful in determining what these viruses 
probably did not cause. However, in a longitudinal study of a community, 
continued for 2 years, Coxsackie viruses were observed to enter the community, 
different ones appearing in each year, and producing in each instance (some- 
times in the same persons) a specific, well-defined clinical entity described 30 
years earlier by Zahorsky’ as “‘herpangina.”” Starting from these observations, 
it was possible to show, in subsequent epidemiologic studies of other communi- 
ties and, finally, even in hospitals, that certain other similar Group A viruses 
also cause this disease. Of equal importance, it was possible also to point out, 
on the basis of the observed behavior and the high prevalence of this group of 
agents, but particularly because only one third of the persons infected with 
herpangina viruses in the longitudinal community study developed clinical 
illness, that these viruses often would be found with predictable certainty and 
regularity in numerous persons with diseases of other etiology. Thus, in a 
specific circumstance, pathogenic viruses capable of causing a specific illness 
of one sort can be associated spuriously with illnesses caused, perhaps, by even 
related agents. This is the type of association that probably causes the most 
mischief. 

(8) Prevention by specific vaccination. One of the best ways to establish an 
agent as the cause of a disease would be, of course, to prevent it with a specific 
vaccine. Examples of this approach would be the studies utilizing adenovirus 
vaccines in the prevention of pharyngoconjunctival fever and acute respiratory 
disease (ARD). 

(9) Financial support. Finally, there is one other consideration that is so 
absolutely necessary that it deserves to be called a postulate. Scientifically 
speaking, it may appear unimpressive, and even to mention it is to appear 
impolite. It is, to put it frankly and, I fear, rather crudely—money. 

It is no longer possible to conceal the fact that virus research is very expen- 
sive. ‘There is, to my knowledge, no substitute for adequately trained techni- 
cal help and of money for the proper pursuit of information of a high order in 
this area, but particularly in that concerned with the etiological importance of 
viruses in human disease. The eventual solutions of many of the technical 
problems discussed at some length in this monograph—solutions that are in- 
dispensable to orderly progress—are, I suspect, less unattainable than expensive. 
Money, therefore, is at once the indispensable laboratory tool and the key to 
the epidemiological method. To ignore this element would be not only unre- 
alistic—it would be unscientific. It is unscientific to disregard data, to mis- 
use a laboratory method, to read a slide rule beyond its range of accuracy. 
Similarly, it is at least unrealistic to embark on studies of the importance of 
prevalent viruses in existing disease without first considering the adequacy of 
the available laboratory tools and the possibilities for obtaining sound epi- 
demiological information; in other words, without first estimating the real 
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capacity of the enterprise to succeed in its aim. Therefore, when considering 
solutions to the “virologist’s dilemma” and the problems discussed in this 
publication, to ignore financial support would be, in one respect at least, to 
ignore the heart of the matter. 

Although not a postulate in a scientific sense, perhaps one of the most essen- 
tial factors in the eventual solution of contemporary virus problems will be the 
availability of specific hyperimmune antisera against the many newly recog- 
nized viruses. Highly potent antisera “certified,” like grass seed, to be ‘“‘pure”’ 
and available generally to virologists who now need them, are indispensable to 
the successful outcome of studies already in progress. Furthermore, their 
availability would encourage broader and more adequate epidemiological stud- 
ies, if only by increasing their technical feasibility. Since the production of 
standard antiviral sera soon will be a matter of routine application of standard- 
ized methods, their availability becomes more than anything else a simple mat- 
ter of the amount of money earmarked for this specific purpose. 


Conclusion 


The suggestions that I have offered here, more boldly than I had originally 
intended, should not be regarded as “postulates” or even as advice to forlorn 
virologists, but merely as guide lines that my associates and I have found use- 
ful. To repeat, I believe that many confusing observations and spurious as- 
sociations could be avoided if certain modifications were made in Koch’s and 
Rivers’ postulates, and if the principles of the epidemiologic method were more 
often consciously applied to observations on the viral illnesses of man as they 
occur in his natural environment. To put it simply, the virologist must be 
just as much an epidemiologist and clinician when studying the effects of 
prevalent nonfatal viruses in man as he is a well-grounded experimentalist or 
pathologist when studying similar effects in mice. He must remember that, 
as an experimental or statistical unit, one human is equivalent to no more than 
one mouse—even less than that, to the extent that his information about the 
human subject may be less complete than his information about his mouse. 
It goes without saying that uncontrolled or poorly controlled observations on 
man, however often they may be repeated, have the same significance (or lack 
of it) and provide the same basis for hypothesis (or lack of it) as do uncontrolled 
observations in the laboratory. 
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Tuomas M. Rivers (National Foundation for Infantile Paralysis, Inc., New 
York, N. Y.): My remarks* will be limited to excerpts from a talk that I gave in 
1937 entitled Viruses and Koch’s Postulates and to a short closing statement. 

In an article on the etiology of tuberculosis Koch in 1884 made the following 
statement: 

The facts obtained in this manner can in every possible way serve as proof to 
which only extreme skepticism can still raise the objection that the organisms 
found are not the cause but only concurrent phenomena of the disease. To 
be sure this objection often has a real justification and therefore it is not suffi- 
cient to establish only the concomitant occurrence of disease and parasite but 
the parasite must be shown to be the real cause. This can be done only by 
fully isolating the parasite from the body ...and producing the disease again 
with all its characteristics by the introduction of the isolated organisms into a 
normal host. (Author’s translation.) 

In 1890, speaking of bacteriological research before the Tenth International 
Congress of Medicine in Berlin, Koch expressed the same ideas in the following 
less mandatory manner: 

However, if it can be proved: first that the parasite occurs in every case of 
the disease in question, and under circumstances which can account for the 
pathological changes and clinical course of the disease; secondly, that it occurs 
in no other disease as a fortuitous and non-pathogenic parasite; and thirdly, 
that it, after being fully isolated from the body and repeatedly grown in pure 
culture, can induce the disease anew: then the occurrence of the parasite in the 
disease can no longer be accidental, but in this case no other relation between 
st and the disease except that the parasite is the cause of the disease can be 
considered. (Author’s translation.) 

The... conditions laid down for the proof of the etiological relation of a 
microorganism to a disease constitute what are now known as Koch’s postu- 
lates... . Koch himself quickly realized that in certain instances all the condi- 
tions could not be met, and in his paper before the Tenth International 
Congress of Medicine... from which I have already quoted, the following 
statement occurs: 

The proof has been fulfilled in a number of diseases, anthrax, tuberculosis, 
tetanus, and many animal diseases. . .. Furthermore, it has been shown that 
in all cases in which it has been possible to demonstrate the regular and ex- 
clusive presence of bacteria in an infectious disease, the parasites never behave 
as accidental saprophytes but in the manner 1n which well known pathogenic 
bacteria act. Therefore, we are justified in stating that if only the first two 
conditions of the rules of proof are fulfilled, i.e., if the regular and exclusive oc- 


*Italics indicate material added for this talk. 
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currence of the parasite is demonstrated, the causal relationship between para- 
site and disease is validly established. In accordance with this hypothesis we 
must then consider as parasitic a number of diseases in which it has not yet 
been possible—or only in an incomplete manner—to infect experimental ani- 
mals and to prove the third part of the rules. (Author’s translation.) 

At the time when they were formulated Koch’s postulates were essential for 
the progress of knowledge of infectious diseases; but progress having left be- 
hind old rules requires new ones which some day without doubt will also be 
declared obsolete. Thus, in regard to certain diseases, particularly those 
caused by viruses, the blind adherence to Koch’s postulates may act as a hin- 
drance instead of anaid. For instance, the idea that an infectious malady can 
be caused only by the the action of a single agent is incorrect, and, if Shope had 
adhered to old ideas, he would never have discovered that swine influenza as it 
occurs in nature is caused by the combined or synergistic action of two agents, 
one a virus not cultivable on lifeless media, the other an ordinary hemophilic 
bacterium. 

The idea that an infectious agent must be cultivated in a pure state on life- 
less media before it can be accepted as the proved cause of a disease has also 
hindered the investigations of certain maladies, inasmuch as it denies the 
existence of obligate parasitism the most striking phenomenon of some infec- 
tions, particularly those caused by viruses. Moreover, it ignores the possi- 
bility that certain viruses may be fabricated ...in living cells. One might 
say that the present-day method of propagating viruses in modified tissue cul- 
tures should be considered as taking the place of cultivation on lifeless media. 
I doubt whether the substitution is warranted, because the principles under- 
lying the two methods of cultivation are radically different. ... 

It is obvious that Koch’s postulates have not been satisfied in viral diseases. 
Moreover, it is equally evident that proof of the etiological significance of vi- 
ruses has been obtained without their satisfaction. Such a statement, however, 
does not imply that certain conditions do not have to be met before the spe- 
cific relation of a virus to a disease is established. The conditions are: (a) 
A specific virus must be found associated with a disease with a degree of regu- 
larity. (b) The virus must be shown to occur in the sick individual not as an 
incidental or accidental finding but as the cause of the disease under investi- 
gation. 

In many respects the conditions just stated for viral maladies are similar to 
those of Koch for the proof of the specific relation of bacteria to disease. Nev- 
ertheless, there are certain differences. In the first place, it is not obligatory 
to demonstrate the presence of a virus in every case of the disease produced 
by it. Secondly, the existence of virus carriers is recognized. Finally, it is 
not essential that a virus be grown on lifeless media... . 

How does one go about proving that a virus is the cause of a disease? Vi- 
ruses are intimately associated with host cells and, therefore, should always be 
found at the proper time in specific lesions. In addition, viruses, as is the case 
with bacteria, may be found also in the blood stream, not necessarily multi- 
plying there but appearing frequently only as a phenomenon of overflow from 
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lesions in the tissues. With these facts in mind, tissues with lesions, exudate 
from such lesions, and blood are collected aseptically and inoculated into a 
susceptible experimental host of the same or different species. If the inoculated 
animals become sick or die in a characteristic manner, and, if the disease in 
them can be transmitted from animal to animal by means of inoculations with 
blood or emulsions of involved tissues free from ordinary microbes or rickett- 
siae, one is fairly confident that the malady in the experimental animals is in- 
duced by a virus. On the other hand, such findings do not necessarily indicate 
that the active agent was present in the original material used for inoculation 
of experimental hosts. 

Experimental animals are subject to viral diseases of their own which may 
be encountered with sufficient frequency to cause mistakes. In addition to 
the fact that animals are subject to their own viral diseases which sometimes 
lead to confusion in the course of experimental work, they may become acci- 
dentally contaminated with an alien virus being studied in the laboratory to 
which they are susceptible. 

Having demonstrated that a virus was obtained from an individual ill of a 
certain disease, one must then prove that the agent was actually causing the 
malady instead of occurring fortuitously or instead of inducing a complicating 
or coexisting infection. When faced with such a situation, knowledge of the 
regularity with which a virus is associated with a given malady is of great 
assistance; if its presence is fortuitous or if it is the cause of a coexisting infec- 
tion, it should not only be found irregularly in patients with the disease under 
investigation but should also be encountered under other conditions. 

Knowledge regarding the regularity with which a virus is associated with a 
disease may be highly important, but information concerning the presence of 
antibodies against the agent and the time of their appearance in the serum of 
patients is equally important as evidence of etiological significance of the virus. 
Under at least two sets of conditions a virus of no etiological significance in 
certain diseases may occur in patients suffering from them. First, patients 
who have been affected previously by a viral disease continue as carriers 
after recovery to harbor the agent. Under such conditions they would possess 
antibodies against this virus at the beginning of their new illness as well as 
during convalescence. Secondly, it is conceivable that a virus might gain 
entrance into an individual and remain there only a short time causing little or 
no reaction. Under these circumstances, the virus, although capable of caus- 
ing disease in experimental animals, would not incite the production of anti- 
bodies in the patients with the result that their serum would be devoid of anti- 
bodies both at the beginning and end of their illness. 

If a virus is the actual cause of a disease, immune substances are usually ab- 
sent from the patients’ serum at the onset of illness and make their appearance 
during the period of recovery. However, this is not universally true, inasmuch 


as recovery sometimes takes place without the development of antibodies. ae 
£ antibodies for a virus at the onset of an illness and 


their appearance later in the course of the disease or during convalescence 


constitute highly suggestive evidence that the virus is responsible for the mal- 
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ady, they alone should not be accepted as incontrovertible proof that such is 
the case, .. . because there is sufficient serological crossing between certain viruses 
to be confusing at times. 

To summarize, it can be said that Koch’s postulates as proposed by him do 
not have to be fulfilled in order to prove that a virus is the cause of a disease. 
However, the spirit of his rules of proof still holds in that a worker must demon- 
strate that a virus is not only associated with a disease but that it is actually 
the cause. The methods of doing this are different from the ones used by Koch 
but are equally efficient. At the present time, this is accomplished by the 
production with a degree of regularity of a transmissible infection in susceptible 
experimental hosts by means of inoculation of material, free from ordinary 
microbes or rickettsiae, obtained from patients with the natural disease, and 
by the demonstration through the use of proper controls and immunological 
studies ... that the virus was neither fortuitously present in the patients nor 
accidentally picked up in the experimental animals. Changes, notably the 
more extensive use of tissue-culture technics and serological reactions, will in 
the future undoubtedly occur in the methods of establishing the specific rela- 
tion of viruses to disease; the number of changes will be limited only by the 
amount of ingenuity of investigators. To obtain the best results, however, 
this ingenuity must be tempered by the priceless attributes of common sense, 
proper training and sound reasoning. 


CLOsING STATEMENT 


Finally, I am certain that most investigators realize that cells in the tissue cul- 
tures mentioned in my talk nineteen years ago and which are now being extensively 
and, in some instances, exclusively used in the isolation, identification and study 
of many viruses, represent not ordinary culture media but experimental hosts in 
which pathological changes or evidences of disease are noted and with which neu- 
tralization tests are conducted. It also must be realized that there may be viruses 
which always cause very mild infections with the development of specific antibodies 
but without the production of detectable evidence of illness. If that be true, one 
might be so bold, for the time being, to think and speak of them as lazy or drone 
viruses—not in search of a disease. 
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Josrru A. Bett (National Institute of Allergy and Infectious Diseases, Be- 
thesda, Md.):In summary, the contributors to this section of this publication 
have discussed methods for establishing the specific etiology of virus diseases 
with particular attention to those diseases having etiological agents that com: 
monly cause infection without illness, In substance, it appears that the newer 
tissue-culture techniques are revealing that man is the host of a multitude of 
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viral parasites, many of which may not cause discernible illness. Our problem 
is to outline methods for establishing whether a given virus is the cause of a 
human illness. The ultimate answer lies in the accumulation of many epidemi- 
ological observations on the natural interrelationships between the virus, the 
disease, and the host. It is clear that such observations involve many scien- 
tific disciplines. 

The virologist isolates a virus, establishes it as a virological entity, and 
proves that it came from the human host and not from laboratory sources. 
The immunologist helps define the virological entity, proves that the virus 
invaded host tissues, establishes the unity of the virus type involved in epi- 
demiological spread, and helps to define susceptibility and immunity. The 
clinician, pathologist, and epidemiologist characterize the nature of the illness 
and establish the fact that a disease entity exists. The epidemiologist ob- 
serves the host-parasite-disease relationships to confirm hypotheses of etiologi- 
cal relationships and to reject other hypotheses. 

Before the relationship between a given virus and an illness can be deter- 
mined, an illness entity must be established. An illness entity may be defined 
by its clinical, pathological, and epidemiological characteristics, and it should 
describe a pattern different from that of other diseases of known etiology. In 
attempts to determine relationships it is difficult to avoid circular reasoning; 
the relationship cannot be established if a virus is sought only among persons 
having the disease entity or if we look for the disease only among persons har- 
boring the virus, as this predicates the relationship sought. Pitfalls may be 
avoided through the study of many different but specific population groups in 
which the identification of persons who do and do not harbor the virus is de- 
termined quite independently from the identification of persons who do or do 
not have the disease. Furthermore, other factors such as age, sex, hospitaliza- 
tion, recruit training, school attendance, and residence in a particular area or 
household are commonly associated with the occurrence or recognition of either 
a virus or an illness, and a significant association between a virus and an illness 
must be demonstrated independently of such factors. In addition, it is im- 
portant that positive associations be not regarded as sufficient; negative asso- 
ciations must be established for all other reasonable hypotheses on etiology. 

It would be difficult to enumerate all of the procedures that would establish 
the fact that any given virus caused any particular disease, chiefly because 


different diseases have different host-parasite-disease relationships, and also 


because opportunities for studying these relationships differ greatly. The pro- 
cedures differ, depending upon whether the virus is an obligate or facultative 
parasite of man, whether the healthy carrier-disease ratio is high or low, whether 
the virus reproduces the clinical pathological entity in experimental animals, 


~ or whether the virus can be given to human volunteers without serious conse- 


quences. eo 
Because of these differences, no attempt 1s made to enumerate criteria for 


etiologic relationships that would be applicable to all circumstances of disease. 


However, the procedures used in the study of Type 3 adenovirus are enumer- 
ated to exemplify certain principles. In this instance all evidence indicated 
that the virus was an obligate parasite of man, that the healthy carrier-disease 
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ratio was low, and that the inoculation of human volunteers was without serious — 


consequences. The procedures were: 


(1) A distinct virus entity was established, and its cultural and immunologi- — 


cal characteristics were described. 


(2) A clinical epidemiological disease entity was described, and several spe- 


cific population groups were observed for the independent occurrence of the ~ 


virus and the disease. 

(3) The virus was readily recovered from patients in different outbreaks 
in different areas at different times by different workers. 

(4) Preillness and postillness sera demonstrated a specific antibody response 
in almost all patients. 

(5) The virus was recovered predominantly from the acute lesions of the 
disease. 

(6) The virus was commonly present during the acute stage of the illness 
and for limited periods before and after the acute stage, and it was not so com- 
monly present in well persons even after apparent effective exposure to infec- 
tion and not so commonly present in other diseases of known etiology. 

(7) The virus repeatedly reproduced the disease in susceptible human volun- 
teers and was recovered again in amounts consistent with virus propagation 
within the host. 

(8) Additional evidence of etiology was obtained by preparing an inactivated 
vaccine from a pure virus culture; inoculation of the vaccine in humans in- 
duced a specific antibody response and protected against infection and illness 
induced by challenge with live virus and against the naturally occurring disease. 

In conclusion, it might be well to emphasize the fact that each disease is 
distinctive and may require different procedures for establishing etiology. In 
principle, many observations of the natural interrelationships between a viro- 
logical entity and a clinical, pathological, epidemiological disease entity are 
generally necessary to establish an etiological entity. Different scientists, per- 
haps for different. purposes and, perhaps, because of training and experience 
in specialized disciplines, require varying types and degrees of evidence before 
accepting the establishment of an etiological entity. When only part of the 
evidence is available, even though complete within one scientific discipline, 
one can only hypothesize that an etiological entity exists. All pertinent evi- 
dence from the various scientific disciplines concerned is necessary to estab- 
lish the existence of an etiological entity. 


Joun H. DINGLE (School of Medicine, Western Reserve University, Cleveland, 
Ohio): At the termination of the conference on which this monograph is based, 
a group representing the early investigators in the field and other interested 
persons met to discuss the problem of establishing a satisfactory terminology 
for the new respiratory tract viruses. After reviewing the several terms that 
had been employed, such as adenoid degenerating agent (AD agent), respiratory 
illness (RI) agent, and adenoidal-pharyngeal-conjunctival (APC) agents, as well 
as the known properties of the viruses, agreement was reached on the term 
adenovirus as the most suitable name for this family or group of agents. 
With regard to the terminology of the diseases caused by these viruses, it was 
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_ proposed that we follow the usual practice of employing a clinical diagnostic 


term followed by an etiological identification, such as, for example, “acute 


" respiratory disease (ARD) caused by adenovirus Type 4” and “pharyngitis or 


pharyngoconjunctival fever caused by adenovirus Type Sin 

‘The name adenovirus is consistent with the system of terminology proposed 
by the Subcommittee on Viruses of the International Nomenclature Com- 
mittee2 It is hoped that this designation will be generally employed in the 


- interest of avoiding further confusion in the literature. 


sal 
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